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the residual metat m the poiyolefins produced is much 
reduced. The catalysts are characterized by containing 
a product as prepared by contacting any of clay a clay 
mineral and an ion-exchanging layered compound, an 
organic silane compound, and water with each other, or 
by containing a sdane compound-processed day 
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Description 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

[00011 The present Invention relates to catalysts for olefin polymerization, methods for producing them, and meth- 
ods for producing olefin polymers. More precisely, the invention relates to high-activity catalysts for olefin polymeriza- 
tion, to efficient methods for producing them, and to methods of using the olefin polymerization catalysts for efficiently 
producing high-quality olefin polymers. 

BACKGROUND ART 

[0002] Recently, a method has been proposed of using a catalyst comprising a metallocene compound and an alu- 
minoxane for polymerizing olefins in the presence of the catalyst to produce olefin polymers (Japanese Patent Laid- 
Open Nos. 1 9309/1 983. 1 67307/1 990). It is known that the polymerizing method of using such a catalyst is better than 
a method of using a conventional Ziegler-Natta catalyst that comprises a titanium or vanadium compound and an 
organic aluminium compound since the polymerization activity per the transition metal in the former is extremely high 
and since the former produces polymers having a narrow molecular weight distribution. 

[0003] Another method has been proposed for polymerizing olefins in the presence of a catalyst that comprises cat- 
alytic components off a transition metal compound and an aluminoxane or organic aluminium compound as can-ied on 
an inorganic oxide such as silica, alumina or the like (Japanese Patent Laid-Open Nos. 108610/1986. 101303/1989). 
[OOM] However, in order that the methods noted above could have a satisfactory degree of polymerization activity, 
a large amount of an aluminoxane must be used therein. Therefore, in those methods, the activity per aluminium used 
is low, and the methods are uneconomical. In addition, since a large amount of aluminium remains in the polymers 
formed, the methods are further problematic in that the catalyst residue must be removed from the polymers formed 
therein. 

[0005] Still another method has been proposed of using clay minerals as catalytic components (Japanese Patent 
Laid-open Nos. 25214/1993. 301 91 7/1993. 33814/1995). In this method, however, it is said that the clay minerals to be 
used must be pro-treated with organic aluminium compounds, especially with methylaluminoxane or trimethylalumin- 
ium which is extremely expensive and dangerous. In addition, the method is problematic in that the catalyst activity per 
aluminium therein is not satisfactory and the amount of the catalyst residue that may remain in the products is large. 
[0006] In particular, the additional problem with the method of using such clay minerals is that aqueous suspen- 
sions of the clay minerals must be repeatedly pre-treated with magnesium chloride or the like and must be thereafter 
further treated with hydrochloric add and then washed, and the treatment requires a lot of time. 
[0007] The present invention has been made in consideration of the problems noted above, and its object is to pro- 
vide catalysts for olefin polymerization capable of being prepared within a short period of time and to provide methods 
of using the catalysts for efficiently and inexpensively producing olefin polymers. Specifically, the catalysts do not 
require a large amount of methylaluminoxane or trimethylaluminium which has poor storage stability and Is dangerous 
and which is therefore not easy to handle. In addition, in the methods of using the catalysts for olefin polymerization, 
since the amount off the organic aluminium compound to be used in the total polymerization system can be greatly 
reduced, the metal component that may remain in the polymers produced is much reduced. Therefore, the polymers 
produced in the methods do not require post-treatment. In particular, the catalysts are especially favorable to producing 
styrenic polymers having a stereospecif ically-oontrolled syndiotactic structure. 

SUMMARY OF THE INVENTION 

[0008] The present Invention encompasses three aspects, which are mentioned in detail hereinunder. 
[0009] We. the present inventors have found that the object of the invention noted above can be attained by using 
a polymerization catalyst that connprises catalytic components having been specifically treated, and. on the basis of this 
finding, we have completed the first aspect of the invention. 

[0010] Specifically, the first aspect of the invention is to provide a catalyst for olefin polymer production, a method 
for producing it, and a method of using it for producing olefin polymers, which are as follows: 

1 . A catalyst for olefin polymer production, which is obtained by contacting a product as prepared by contacting (A) 
clay, a clay mineral or an ion-exchanging layered compound. (B) an organic silane compound and (C) water with 
each other, with (D) a transition metal complex containing a transition metal of Groups 4 to 6 or Groups 8 to 10 of 
the Periodic Table. 
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2. A catalyst for olefin polymer production, which is obtained by contacting a product as prepared by contacting (A) 
clay, a clay mineral or an ion-exchanging layered compound. (B) an organic silane compound and (C) water with 
each other, with (D) a transition metal complex containing a transition metal of Groups 4 to 6 or Groups 8 to 1 0 of 
the Periodic Table and (E) an alkylating agent. 
5 3. The catalyst for olefin polymer production of above 1 or 2. wherein the component (A), clay, a day mineral or an 

ion-exchanging layered compound is selected from phyllosilicic acid compounds. 

4. The catalyst for olefin polymer production of any one of above 1 to 3. wherein the component (B), an organic 
silane compound has at least one alkyi group directly bonded to the silicon atom of the compound. 

5. The catalyst for olefin polymer production of any one of above 1 to 4, wherein the amount of the component (C), 
10 water is at least 1 % by weight relative to the dry weight of the componeit (A). 

6- The catalyst for olefin polymer production of any one of above 1 to 5, wherein the component (D), a transition 
metal complex containing a transition metal of Groups 4 to 6 or Groups 8 to 10 of the Periodic Table has a ligand 
having a carbon-carbon unsaturated bonding group or a carbon-nitrogen unsaturated bonding group. 
7. The catalyst for olefin polymer production of any one of above 1 to 6, wherein the componerrt (D), a transition 
ts metal complex containing a transition metal of Groups 4 to 6 or Groups 8 to 10 of the Periodic Table is represented 
by any of the following general formulae (1-1) to (1-4): 

0\ (CgHs-a-bR^) (CsHs-a-cR^) M'xW^ (I-I) 
^ Q^aCCsHs-a-dR^d) Z^M^Xly^ (1-2) 

(CsHseR^) M^X^VW^ (1-3) 
UL^mSxV^ (1-4) 

25 

where represents a bonding group that crosslinks the two conjugated five-membered cyclic ligands (C5H5.a 
bR'b)and(C5H5.3.^R2j: 

represents a bonding group that crosslinks the conjugated five-membered cyclic ligand (CsHs^a^R^a) anci 
30 the group 

R\ R". R"^ and R^ each represent a hydrocarbon group, a halogen atom, an alkoxy group, a silicon-containing 
hydrocarbon group, a phosphorus-containing hydrocartX)n group, a nitrogen-containing hydrocarbon group, or 
a boron-containing hydrocarbon group; and a plurality of these groups, if any. may be the same or different, and 
may be bonded to each other to form a cyclic structure; 
35 a represents 0, 1 or 2; 

b. c and d each represent an integer of from 0 to 5 when a = 0, or an integer of from 0 to 4 when a = 1 . or an 
integer of from 0 to 3 when a = 2; 
e represents an integer of from 0 to 5; 

represents a transition metal of Groups 4 to 6 of the Periodic Table; 
^0 represents a transition metal of Groups 8 to 10 of the Periodic Table; 

and each represent a coordination-bonding ligand; 
X\ Y\ and each represent a covalent-bonding or ionic-bonding ligand; and 
L^. X\ and W"* may be bonded to each other to form a cyclic structure. 

45 8. The catalyst for olefin polymer production of any one of above 2 to 7, wherein the component (E), an alkylating 

agent is an organic aluminium compound. 

9. A method for producing a catalyst for olefin polymer production, which comprises contacting (A) clay, a clay min- 
eral or an ion-exchanging layered compound. (B) an organic silane compound and (C) at least 1 % by weight, rel- 
ative to the dry weight of the component (A), of water with each other, followed by further contacting the resulting 

so product with (D) a transition metal complex containing a transition metal of Groups 4 to 6 or Groups 8 to 10 of the 

Periodic Table. 

10. A method for producing a catalyst for olefin polymer production, which comprises contacting (A) clay, a clay 
mineral or an ion-exchanging layered compound. (B) an organic silane compound and (C) at least 1 % by weight, 
relative to the dry weight of the component (A) . of water with each other, followed by further contacting the resulting 

55 product with (D) a transition metal complex containing a transition metal of Groups 4 to 6 or Groups 8 to 10 of the 
Periodic Table and (E) an alkylating agent. 

1 1 . The method for producing a catalyst for olefin polymerization of above 9. wherein the step of contacting (A) clay, 
a clay mineral or an ion-exchanging layered compound. (B) an organic silane compound and (C) at least 1 % by 
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weight, relative to the dry weight of the component (A), of water with each other, followed by further contacting the 
resulting product with (D) a transition metal complex containing a transition metal of Groups 4 to 6 or Groups 8 to 
10 of the Periodic Table is effected In an anhydrous aprotic solvent. 

12. The method for producing a catalyst for olefin polymerization of above 10. wherein the step of contacting (A) 
clay, a clay mineral or an ion-exchanging layered compound, (B) an organic silane compound and (C) at least 1 % 
by weight, relative to the dry weight of the component (A), of water with each other, followed by further contacting 
the resulting product with (D) a transition metal complex containing a transition metal of Groups 4 to 6 or Groups 8 
to 10 of the Periodic Table and (E) an alkylating agent is effected in an anhydrous aprotic solvent. 

13. A method for producing olefin polymers, for which is used the catalyst Ibr olefin polymer production of any one 
of above 1 to 8. 

[DD1 1 ] We, the inventors have further found that the object of the invention can be attained by a method of produc- 
ing a catalyst for olefin polymerization from a transition metal compound and a silane compound-processed clay, which 
comprises contacting a transition metal compound with a silane compound-processed clay as prepared by contacting 
an aqueous dispersion of water-swellable clay with a silane compound, and. on the basis of this finding, we have com- 
pleted the second aspect of the invention. 

[0012] Specifically, the second aspect of the invention is to provide the following: 

1. A method of producing a catalyst for olefin polymerization from a transition metal compound and a silane com- 
pound-processed clay, which comprises contacting a transition metal compound with a silane conrpound-proc- 
essed day as prepared by contacting a clay dispersion of water-swellable clay in water with a silane compound. 

2. The method of producing a catalyst for olefin polymerization of above 1, wherein the water-swellable clay is a 
phyilosilicate. 

3. The method of producing a catalyst for olefin polymerization of above 1 . wherein the water-swellable clay Is of 
the smectite family or the mica family 

4. The method of producing a catalyst for olefin polymerization of above 1 . wherein the water-swellable clay is an 
alkali metal or alkaline earth metal salt of montmorillonite. 

5. The method of producing a catalyst for olefin polymerization of any one of above 1 to 4, wherein a clay dispersion 
as prepared by dispersing water-swellable day in water of at least 40 times by weight the day is contacted with a 
silane compound. 

6. The method of producing a catalyst for olefin polymerization of any one of above 1 to 5, wherein the silane com- 
pound is represented by a general formula (11-1): 

(R)n-Si-X(4.n) ("-l) 

where R represents a substituent of which the atom in the site directly bonding to the silicon atom is a carbon, sili- 
con or hydrogen atom; X represents a substituent of which The atom in The site directly bonding to the silicon atom 
is a halogen, oxygen or nitrogen atom; plural R's and X's. if any. may be the same or different ones, respectively; 
and n represents 0 or an integer of from 1 to 4. 

7. The method of producing a catalyst for olefin polymerization of any one of above 1 to 5. wherein the silane com- 
pound is represented by a general formula (11-2): 

(R)^-Si-X(4.m) ("-2) 

where R represents a substituent of which the atom in the site directly bonding to the silicon atom is a carbon, sili- 
con or hydrogen atom; X represents a substituent of which the atom in the site directly bonding to the silicon atom 
is a halogen, oxygen or nitrogen atom; plural R's and X's. if any. may be the same or different ones, respectively; 
and m represents an integer of from 1 to 3. 

8. The method of producing a catalyst for olefin polymerization of any one of above 1 to 7, wherein the transition 
metal compound is a complex of a transition metal of Groups 4 to 6 of the Periodic Table having a conjugated f ive- 
membered ring as the ligand. or a complex of a transition metal of Groups 8 to 10 of the Periodic Table having an 
organic ligand as bonded to the transition metal via a nitrogen or phosphorus atom therebetween. 

9. The method of produdng a catalyst for olefin polymerization of any one of akDove 1 to 8. wherein the components 
are further contacted with an organic metal compound with a metal of Groups 1 . 2. 1 3 and 14 of the Periodic Table. 

10. A catalyst for olefin polymerization, which is produced according to the method of any one of above 1 to 9. 

1 1 . A method for produdng olefin polymers, wherein olefins are polymerized in the presence of the catalyst for ole- 
fin polymerization of above 10. 
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[0013] We. the Inventors have still further found that the object of the invention can be attained by a catalyst for ole- 
fin polymerization, which comprises a transition metal compound and a silane compound-processed clay that gives 
absorption peaks in a specific wavelength range In infrared absorption spectrometry, and. on the basis of this finding, 
we have completed the third aspect of the invention. 
5 [0014] Specificaily, the third aspect of the invention is to provide the following: 

1. A catalyst for olefin polymerization, which comprises a transition metal compound and a silane compound-proc- 
essed clay that gives absorption peaks in a range falling between 1090 and 1050 cm'^ and/or in a range falling 
between 1015 and 995 cm'^ in infrared absorption spectrometry. 
10 2. The catalyst for olefin polymerization of above 1 . wherein the silane compound-processed clay is prepared by 
processing a phyllosilicate with a silane compound. 

3. The catalyst for olefin polymerization of above 1 or 2. wherein the silane compound-processed clay is prepared 
by processing a mineral of the smectite family or a conrpound having a smectite structure with a silane compound. 

4. The catalyst for olefin polymerization of any one of above 1 to 3, wherein the silane compound-processed day 
15 Is prepared by processing montmorillonite with a silane compound. 

5. The catalyst for olefin polymerization of any one of above 1 to 4. wherein the transition metaJ compound is a com- 
plex of a transition metal of Groups 4 to 6 of the Periodic Table having a conjugated five-membered ring as the lig- 
and, or a complex of a transition metal of Groups 8 to 10 of the Periodic Table having an organic ligand as bonded 
to the transition metal via a nitrogen or phosphorus atom therebetween. 

20 6. The catalyst for olefin polymerization of any one of above 1 to 5, which further contains an organic metal com- 
pound with a metal of Groups 1 . 2, 1 3 and 14 of the Periodic Table. 

7. A method for producing a catalyst for olefin polymerization, which comprises contacting a silane compound-proc- 
essed clay with a transition metal compound and in which said silane compound-processed clay is prepared by 
corttacting a silane compound of a general formula (IIM): 

25 

(R)„-Si-X(4.n) (111,1) 

where R represents a substituent of which the atom in the site directly bonding to the silicon atom is a carbon, 
silicon or hydrogen atom; X represents a substituent of which the atom In the site directly bonding to the silicon 
30 atom is a halogen, oxygen or nitrogen atom; plural R's and X's. If any, may be the same or different ones, 

respectively; and n represents an integer of 2 or 3. 

with clay, and gives absorption peaks in a range between falling 1090 and 1050 cm~^ and/or in a range falling 
between 1015 and 995 cm"^ in infrared absorption spectrometry. 
35 8. A method for producing olefin polymers, wherein olefins are polymerized in the presence of the catalyst for olefin 
polymerization of any one of above 1 to 6. 

9. A method tor producing olefin polymers, wherein olefins are polymerized in the presence of the catalyst for olefin 
polymerization as obtained according to the method of above 7. 

40 BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] 

Fig, 1 is the infrared absorption spectrum (A) of diethyldichlorosi lane-processed clay as prepared in Example HI-1 . 
45 Fig. 2 is the infrared absorption spectrum (B) of Na-montmorillonlte used as the starting material in Example III-1 . 
Fig. 3 is the difference spectrum (C) between the infrared absorption spectrum (A) and the infrared absorption 
spectrum (B). 

Fig. 4 Is the difference spectrum (D) between the infrared absorption spectrum of triethylchlorosi lane-processed 
clay as prepared in Example III-2 and the Infrared absorption spectrum of the starting clay. 
so Fig. 5 is the difference spectrum (E) between the infrared at>sorption spectrum of trimethylchlorosilane-processed 
clay as prepared in Example 111-3 and the infrared absorption spectrum of the starting ctay. 

DETAILED DESCRIPTION OF THE INVENTION 

55 [001 6] Preferred embodiments of the invention are described below. 
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First Aspect of the Invention: 

1. Catalyst for Olefin Polymer Production: 



[001 7] The catalyst for olefin polymer production of the first aspect of the invention (this will be simply referred to as 
"the invention" in this section) is obtained by contacting a product as prepared by contacting (A) clay a clay mineral or 
an Ion-exchanging layered compound, (B) an organic silane compound and (C) water with each other, with (D) a tran- 
sition metal complex containing a transition metal of Groups 4 to 6 or Groups 8 to 1 0 of the Periodic Table and optionally 
with (E) an alkylating agent 



25 
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Component (A): 
[0018] 

15 (l)Clay and clay minerals: 

Clay or clay minerals may be used as the component (A). Clay is an aggregate of fine hydrous silicate minerals. 
It is plastic when kneaded with a suitable amount of water, and is rigid when dried. When baked at high tempera- 
tures it is sintered. Clay minerals are hydrous silicates which are the essential components constituting clay 
These are not limited to only natural ones, but synthetic products of those substances are employable herein. 
20 (2) lon exchanging layered compounds: 

As the component (A), also usable are Ion-exchanging layered compounds, which are characterized by the 
crystal structure of such that a plurality of crystal planes formed through ionic bonding or the like are laminated in 
parallel layers via weak bonding force between the adjacent layers, and in which the ions are exchangeable. Some 
clay minerals are ion-exchanging layered compounds. 

For exanple. phyllosillcic acid compounds belong to clay minerals. Phytlosilicic acid compounds include phyl- 
tosilicic acd and phyllosilicates. As natural phyllosllicates. known are montmorillonite. saponite and hectorite of the 
smectrte family; illite and serlcite of the mica family: and mixed layer minerals of smectites and micas, or those of 
micas and vermiculites. 

As synthetic products, known are f luoro-tetrasilicon mica, laponite, smectone. etc. 

Also mentioned are ionic crystalline compounds having a layered crystal structure, such as a-Zr(HP04)2.T- 
Zr(HP04)2. a-Ti(HP04)2. rTi(HP04)2. etc. These are not clay minerals. 

Examples of clay and clay minerals which do not belong to ion-exchanging layered compounds and which are 
usable as the component (A) include clay having a low montmorillonite content and referred to as bentonite; kibushi 
clay comprising montmorillonite and many other components: gairome clay: sepiolite and palygorskite having a 
35 fibrous morphology; and amorphous or low-crystalline allophane, imogolite, etc. 

The component (A) Is contacted with the components (B) and (C). and it is desirable that clay clay minerals 
and ion-exchanging layered compounds for the conrponent (A) are chemically treated for the purpose of removing 
impurities from them or for modifying their structures and functions. 

The chemical treatment referred to herein indicates both the surface treatment to remove Impurities from sur- 
40 faces and the treatment to modify the crystal structure of clay Concretely it includes acid treatment, alkali treat- 
ment, salt treatment, organic treatment, etc. 

The acid treatment is to remove impurities from surfaces, while releasing cations such as aluminium, iron, 
magnesium and the like from crystal structures to thereby enlarge surface areas. The alkali treatment is to destroy 
the crystal structure of clay thereby modifying the structure of clay The salt treatment and the organic treatment 
45 are to form ionic complexes, molecular complexes, organic complexes, etc., whereby surface areas and layer-to- 
layer spaces may be changed. Owing to their ion-exchanging ability the interlayer exchangeable ions in the com- 
pounds may be exchanged with any other bulky ions to give layered substances having enlarged interlayer spaces. 
(3) The substances of the component (A) noted above may be directly used as they are. or. if desired, additional 
water may be adsorbed onto them, or they may be heated and dehydrated prior to being used. 
so (4) As the component (A), preferred are clay and clay minerals. Most prefened are phyllosiliclc acid compounds, of 
which smectite is desirable, and montnnorillonite is more desirable. 

Organic silane compounds for component (B): 

55 [0019] Silane compounds are usable herein as the component (B). including, for example, trialkylsilylchlorides such 
astrimethylsilylchloride. triethylsilylchloride. triisopropylsilyl chloride, tert-butyldimethylsily! chloride, tert-butyldiphenyls- 
ilylchloride phenethyldimethylsilylchloride.etc: dialkylsilyldichlorides such as dimethylsllyldichlonde. diethylsilyldichlo- 
ride diisopropylsilyidichlorlde. bisdiphenethylsilyldichloride, methylphenethylsilyldichloride. diphenylsilyWichloride. 
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dimethylsilyldichloride, ditolylsilyldichloride, etc.; alkylsilyltrlchlorides such as methylsllyltrichloride» ethylsiiyltrichloride, 
isopropylsilyltrichloride. phenylsilyltrlchloride. mesitylsilyl trichloride, tolylsilyltrichloride. phenethylsilyltrichloride,etc.; 
other halides to be derived from the compounds noted above by substituting the chloride moiety with any other halo- 
gens; silylamines such as bis(trimetbylsilyl)amine, bis(triethylsilyl)amine, bis(triisopropylsilyl)amlne, bls(dimehtylethyls- 
ilyl)amine, bis(diethylmethylsilyl)amine, bis(dimethylphenylsilyl)amine. bis(diniethyltolylsilyl)amine, 
bis(dlmethylmesitylsllyl)amine, (dimethylamino)trimethylsilane, {diethylamino)trimethylsilane. N-(trlmethylsilyl)imida- 
zote. etc.; polysilanols generally refenred to as peralkylpolysiloxypolyols; silanols such as tris(trimethylsiloxy)silanol, 
etc.; silylamides such as N,0-bis(trimethylsilyl)acetamide. bis(trlmethylsilyl)trifluoroacetamide. bis(trimethylsilyl)aceta- 
mide, bis(trimethylsilyl)urea, trimethylsilyldiphenylurea, etc.; linear siloxanes such as 1 .3-djchlorotetramethyldisiloxane, 
etc. ; cyclic siloxanes such as hexamethyltrisiloxane, etc. ; tetraalkylsiianes such as dimethyldiphenylsilane, diethyldiphe- 
nylsilane. diisopropydiphenylsiiane, etc.; and trialkylsilanes such as trimethylsilane. triethyisilane, triisopropylsilane, tri- 
t-butylsilane. triphenylsllane, tritolylsilane. trimesitylsilane. melhyldiphenylsllane, dinaphthylmethylsilane, bis(diphe- 
nyl)methylsilane, etc. Of those, preferred are organic silane compounds having at least one alky! group directly bonded 
to the silicon atom. More prefen^ed are alkylsiiyi halides. and even more preferred are dialkylsilyl haiides. One of those 
compounds may be used as the component (C). As the case may be, however, two or more of the compounds may be 
used, as combined in any desired manner. 

[0020] The catalyst of the invention contains the product to be prepared by contacting the components (A), (B) and 
(C) with each other The product may be hereinafter referred to as a silane compound-processed clay. The components 
(A), (B) and (C) may be contacted with each other in air or in an inert atmosphere of argon, nitrogen or the like. Prefer- 
ably, they are contacted with each other in an inert atmosphere. 

[0021] Where the components (A) and (B) are contacted with each other, the ratio of the two components is pref- 
erably so controlled that the amount of the component (B) is from 0.001 to 1000 mols, more preferably from 0.01 to 100 
mols in terms of the silicon atom, relative to 1 kg of the component (A). 

[0022] Water for the component (C) may be derived from the component (A) or (B) that naturally contains water, or 
additional water may be added to the system from an external source. In the case where additional water is added 
thereto from an external source, the conrponent (C). water may be previously added to any of the component (A) or (B) 
before the components (A) and (B) are contacted with each other, or may be added to the components (A) and (B) after 
the two components have been contacted with each other. Preferably, the component (A) and the component (C) are 
first contacted with each other and then with the component (B). or the components (A), (B) and (0) are contacted with 
each other all at a time. 

[0023] The component (C), water breaks the crystal structure (especially the layered crystal structure) of clay, clay 
minerals and ion-exchanging layered compounds, thereby enhancing the contact efficiency between silane compounds 
and the thus-broken clay, clay minerals and ion-exchanging layered compounds. Specifically, water expands the layer- 
to-layer spaces in the crystal structure of clay, clay minerals and ion-exchanging layered compounds, thereby promoting 
the diffusion of a silane compound into the thus-expanded spaces in the crystal structure of those substances. Accord- 
ingly, the presence of water in the step of contacting clay, clay minerals and ion-exchanging layered conpounds with a 
silane compound is important, and a larger amount of water existing in the step produces better results in the invention. 
[0024] The amount of the component (C), water is preferably at least 1 % by weight, more preferably at least 1 0 % 
by weight, even more preferably at least 100 % by weight, relative to the dry weight of the component (A). Anyhow, it is 
necessary to positively make water present in the step of contacting the components (A) and (B) with each other. 
[0025] The dry weight of the component (A) is measured as follows: A sample of the component (A) is heated up 
to 1 50*^0 in a muffle furnace over a period of 30 minutes, and kept at the temperature for 1 hour, and its weight is meas- 
ured. This indicates the dry weight of the component (A). 

[0026] Water for the component (C) may be derived from the component (A) that naturally contains water, which is 
desirable for simplified operation. If, however, the system requires additional water, the component (A) may be sus- 
pended in water, or may be suspended in a mixture of water and an organic solvent. The organic solvent includes, for 
example, alcohols, esters, ethers, halogenohydrocarbons, aliphatic hydrocari^ons. aromatic hydrocarisons. The temper- 
ature at which the catalytic components are corrtacted with each other in the presence of water preferably falls between 
-SO^'C and the boiling point of the solvent used. 

Transition metal complexes for component (D): 

[0027] Various type of transition metal complexes are usable as the component (B) in the invention, for which, how- 
ever, prefenred are compounds of transition metals of Groups 4 to 6 of the Periodic Table and those of Groups 8 to 10. 
As the compounds of transition metals of Groups 4 to 6 of the Periodic Table, preferred are those of the following gen- 
eral formulae (1-1) to (1-3); and as the compounds of transition metals of Group 8 to 10 of the Periodic Table, preferred 
are those of the following general formula (1-4). 
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0\ (CsHs-a-bR^) (CsHs-a-cB'c) M^X^ (M) 
Q'a(C5H5.a-dR'd)Z^M^X^Y^ ('"^^ 

(C5H^R%)MiX^Y%i (1-3) 

L^L^M^XV^ (M) ' 

where represents a bonding group that crosslinks the two conjugated five-membered cyclic ligands (C5H5.a.bR^b) 
and (C5H5.a-cR^c)l 

q2 represents a bonding group that crosslinks the conjugated five-membered cyclic ligand (CsHs-a^bR^d) and the 
cpY>up Z^; 

B\ r2. r3 and R^^ each represent a hydrocarbon group, a halogen atom, an alkoxy group, a silicon-containing 
hydrocarbon group, a phosphorus-containing hydrocarbon group, a nitrogen-containing hydrocarbon group, or a 
boron-containing hydrocarbon group; and a plurality of these groups, if any. may be the same or different, and may 
t>e bonded to each other to form a cyclic structure; 
a represents 0, 1 or 2; 

b. c and d each represent an integer of from 0 to 5 when a = 0, or an integer of from 0 to 4 when a = 1 . or an integer 

of from 0 to 3 when a = 2; 

e represents an integer of from 0 to 5; 

M"* represerrts a transition metal of Groups 4 to 6 of the Periodic Table; 
m2 represents a transition metal of Groups 8 to 1 0 of the Periodic Table; 
U and each represent a coordination-bonding ligand; 

X\ Y"", and each represent a covalerrt-bonding or ionic-bonding ligand; and 
U . L^. X^ . Y^ and may be bonded to each other to form a cyclic structure. 

[0028] Specific examples of and include (1) an alkylene group having from 1 to 4 carbon atoms, or a 
cycloalkylene group, or the group substituted by a lower alkyi or phenyl group at its side chain, such as a methylene 
group an ethylene group, an isopropylene group, a methylphenylmethylene group, a diphenylmethylene group, a 
cyclohezylene group, etc.; (2) a silylene group, or an oligosilylene group, or the group substituted by a lower alkyI or 
phenyl group at its side chain, such as a silylene group, a dimethyisilylene group, a methylphenylsilylene group, a diphe- 
nylsilylene group, a disilylene group, a tetramethyldisilylene group, etc.; and (3) a hydrocarbon group (e.g.. a lower alkyl 
group a phenyl group, a hydrocarbyloxy group (preferably, a lower alkoxy group), etc.) containing germanium, phospho- 
rus, nitrogen, boron or aluminium, such as a (CH3)2Ge group, a (C6H5)2Ge group, a (CH3)P group, a (CgHs)? group a 
(C4H9)N group, a (C6H5)N group, a (CH3)B group, a (C4H9)B group, a (C6H5)B group, a (CeHs)^ group, a (CH30)AI 
group, etc. Of those, prefen-ed are alkylene groups and silylene groups. 

[0029] (C5H5.a.bR^). (C5H5.a.cR^) and (CgHs-a-dR^d) are conjugated, 5-membered cyclic ligands. in which R . R 
and each represent a hydrocarbon group, a halogen atom, an alkoxy group, a silicon-containing hydrocarbon group, 
a phosphorus-containing hydrocarbon group, a nitrogen-containing hydrocarbon group, or a boron-containing hydrocar- 
bon group- a represents 0. 1 or 2; and b. c and d each represent an integer of from 0 to 5 when a = 0. or an integer of 
from 0 to 4 when a = 1 . or a Integer of from 0 to 3 when a = 2. The hydrocarbon group preferably has from 1 to 20 carbon 
atoms, more preferably from 1 to 1 2 carbon atoms. The hydrocart»on group may be a monovalent one that bonds to the 
cyclopentadienyl group of a conjugated. 5-membered cyclic group. Two of plural hydrocarbon groups, if any. may be 
bonded to each other to form a cyclic structure along with a part of the cyclopentadienyl group. Specific examples of 
those conjugated. 5-membered cyclic ligands are substituted or unsubstituted cyclopentadienyl groups, indenyl groups 
and fkiorenyl groups. The halogen atom includes chlorine, bromine, iodine and fluorine atoms. The alkoxy group pref- 
erably has from 1 to 12 carbon atoms. The silicon-containing hydrocarbon group includes, for example, groups of - 
Si(R^(R^)(R^). in which R^. R^ and R^ each represent a hydrocarbon group having from 1 to 24 carbon atoms. As The 
phosphorus-containing hydrocarbon group the nitrogen-containing hydrocarbon group and the boron-containing hydro- 
carbon group, for example, mentioned are groups of .P(R»)(R^). -N(RS)(R9). and -B{B^){f), respectiveh^. in which R 
and each represent a hydrocarbon group having from 1 to 18 carbon atoms. Plural R^ s. R^'s and R 's. if any. may 
be the same or different ones, respectively In formula (1-1). the conjugated. 5-membered cyclic ligands (C5H5.a.bR b) 
and (C5H5.a.cR^c) may be the same or different ones. 

[0030] represents a transition metal element of Groups 4 to 6 of the Periodic Table, including, for example, tita- 

nium zirconium, hafnium, niobium, molybdenum, tungsten, etc. Of those, preferred are titanium, zirconium and haf- 
nium, and more preferred is zirconium. represents a covalent-bonding ligand. including, for example, an oxygen 
atom'(-O-). a sulfur atom (-S-). an alkoxy group having from 1 to 20. preferably from 1 to 10 carbon atoms, a thioalkoxy 
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group having from 1 to 20. prefersibly from 1 to 12 carbon atoms, a nitrogen-containing hydrocarbon group having from 
1 to 40. preferably from 1 to 18 carbon atoms (e.g., a t-butylamino group, a t-butylimino group, etc.), and a phosphorus- 
containing hydrocarbon group having from 1 to 40. preferably from 1 to 18 carbon atoms. and each represent a 
covalent-bonding ligand. including, for example, a hydrogen atom, a halogen atom, a hydrocarbon group having from 1 
to 20, preferably from 1 to 1 0 carbon atoms, an alkoxy group having from 1 to 20. preferably from 1 to 1 0 carbon atoms, 
an amino group, a phosphorus-containing hydrocarbon group having from 1 to 20, preferably from 1 to 12 carbon atoms 
(e.g., a diphenylphosphine group, etc.), a silicon-containing hydrocarbon group having from 1 to 20. preferably from 1 
to 12 carbon atoms (e.g.. a trimethylsilyl group, etc.), and a boron compound residue having a hydrocarbon group with 
from 1 to 20. preferably from 1 to 1 2 carbon atoms or having halogens (e.g.,B(C6H5)4.BF4). Of those, preferred are hal- 
ogen atoms and hydrocarbon groups. X"" and may be the same or different ones. 

[0031] In formula (1-3). represents a transition metal of Groups 4 to 6 of the Periodic Table, such as that men- 
tioned above; XI represents a covalent-bonding ligand and is concretely a halogen atom or an alkoxy group. 

(I) As specific examples of the transition metal compounds of formulae (1-1) and (1-2), mentioned are the following 
compounds. 

(1) Transition metal compounds not having a crosslinkable bonding group but having two conjugated, 5-mem- 
bered cyclic llgands, such as bis(cyclopentadienyl)titanlumdichloride, bis(methylcyclopentadienyl)titanium- 
dichloride. bis{dimethylcyclopentadienyl)titaniumdichloride, bis(trimethylcyclopentadienyl)tltaniumdichloride, 
bis(tetramethylcyclopentadienyl)titaniumdichloride. bis(pentamethylcyclopentadienyl)titaniumdichloride. bis(n- 
butylcyclopentadienyl)titaniumdlchloride, bis(indenyl)titaniunrKllchloride. bis(fluorenyl)titanlunrxjichloride, 
bis(cyclopentadienyl)titaniumchlorohydrlde, bis(cyclopentadienyl)methyltitaniumchloride. bis(cyclopentadi- 
enyl)ethyltitaniumchloride, bis(cyclopentadienyl)phenyltitaniumohloride, bis(cyclopentadienyi)dimethyltita- 
nium, bis(cyclopentadienyi)diphenyltitanium, bis{cycloperrtadienyl)dineopentyltitanium. 
bis(cyclopentadienyl)dihydrotitanium. (cyclopentadienyl)(indenyl)titaniumdichloride. (cyclopentadienyl)(fluore- 
nyl)tltanium dichloride. etc. 

(2) Transition metal compounds having two conjugated. 5-membered cyclic ligands, in which the two ligands 
are crosslinked with an alkylene group, such as methylenebisOndenyl)titanlumdichlorlde. ethylenebls(inde- 
nyl)titaniumdichioride. methylenebls(indenyl)titaniumchlorohydride, ethylenebis(lndenyl)methyltitaniumchlo- 
ride, ethylenebis(lndenyl)methoxychlorot'tanlum. ethylenebis(indenyl)titaniumdiethoxlde, 
ethylenebis(indenyl)dlmethyltitanium. ethylenebis(4,5,6,7-tetrahydroindenyl)tltaniumdichloride, ethyl enebls(2- 
metbylindenyl)titaniumdichloride. ethylenebis(2,4-dimethyiindenyl)titaniumdlchloride. ethylenebis(2-methyl-4- 
trimethylsllylindenyl)titanium-chlorlde, ethylenebis(2.4-dimethyl-5,6.7-trihydroindenyl)titanlumdichloride. ethyl- 
ene(2.4-dimethylcyclopentadienyl)(3',5'-dimethylcydopentadienyl)titaniumdichloride, ethylene(2-methyl-4-t- 
butylcyclopentadienyl)(3'-t-butyl-5'-methylcyclopentadienyl)tltaniumdichlorlde, ethylene(2,3.5-trimethylcy- 
clopentadienyl)(2\4',5'-trlmethylcyclopentadlenyl)titaniumdichloride, isopropylidenebis(2-methylindenyl)titanl- 
umdichloride. isopropylidenebis(lndenyl)titaniumdichloride. isopropyltdenebis(2.4-dimethylindenyl)titanium 
dichloride, isopropylidene(2.4-dimethyicyclopentadienyl)(3\5*-dimethylcycfopentadienyl)tltaniunxlichloride. 
isopropylidene(2-methyl-4-t-butylcyclopentadlenyl)(3*-t-butyl-5'-methylcyclopentadienyl)titaniunrd 
methylene(cyclopentadienyl)(3,4-dlmethylcyclopentadienyl)titaniumdichloride, methylene(cyclopentadi- 
enyl)(3.4-dimethylcyclopentadienyl)titaniumchlorohydride. methylene(cyclopentadienyl)(3.4-dimethylcy- 
cIopentadienyl)dimethyltitanium, methylene(cyclopentadienyl)(3.4-dimethylcyclopentadienyl)diphenyl- 
titanium. methylene(cyclopentadlenyl)(trlmethylcyclopentadienyl)titaniunrxiichloride. methylene(cyclopentadi- 
enyl)(tetramethylcyclopentadienyl)trtaniumdichioride, isopropylidene(cyclopentadienyl)(3,4-dimethylcyclopen- 
tadienyl)titaniumdichIoride, isopropylidene(cyclopentadienyl)(2,3,4,5-tetramethylcyclopentadienyl)- 
titanlumdichloride, isopropylidene(cyclopentadlenyl)(3-methylindenyl)titanlumdichloride. isopropyll- 
dene(cyclopentadienyl)(fluorenyl)titaniumdichloride. isopropylidene(2-ethylcyclopentadienyl)(fluorenyl)titani- 
umdichloride. isopropylrdene(2.5-dimethylcydoperitadienyl)(3.4-dimethy!cyclopentadlenyl)titaniunKlichloride. 
isopropylidene(2.5-dimethylcyclopentadienyl)(fluorenyl)titaniunxiichloride, ethylene(cyclopentadienyl)(3.5- 
dimethylcycloperrtadienyl)titaniumdichloride. ethylene(cyclopentadieny1)(fluorenyl)titaniumdtchloride. ethyl- 
ene(2,5-dimethylcyclopentadienyl)(fluorenyl)tltaniumdichloride, ethylene(2,5-dlethylcyclopentadienyl)(fluore- 
nyOtltanlumdichloride. dlphenylmethylene(cyclopentadienyl)(3,4-diethylcyclopentadienyl)titanlumdichloride, 
diphenylmethylene(cyclopentadienyl)(3.4-diethylcyclopentadienyl)titanlumdichloride, cyctohexyli- 
dene(cyclopentadienyl)(fluorenyl)tltaniumdichloride. cyclohexylldene(2.5<limethylcyclopentadienyl)(3*,4'- 
dlmethylcyclopentadienyl)titanium dichloride. etc. 

(3) Transition metal compounds having two sllylene-crossiinked. conjugated, 5-membered cyclic ligands. such 
as dimethylsilylenebis(indenyl)titaniumdichlorlde, dimethylsilylenebis(4,5,6,7-tetrahydroindenyl)titaniumdlchlo- 
ride, dimethylsllylenebis(2-methylindenyI)titaniumdichloride, dlmethylsilylenebis(2.4-dimethyllndenyl)titanlum- 
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ichloride, dimethylsilylenebis(2-methyl-4-phenylindenyl)titaniumdichloride, dimethylsn)Jeneb,s{2-me^^^^^ 

s^en4is(2/-^imethylcyclopentadienyl)(3\5-^im^^^ 
lylenebis(-.ndenyl)titaniumdichloride. PhenylmethylsHylenebis(4 5,6 

DhenvlmXlsilylenebis(2,4<limethylirKlenyl)titaniurTXlichlorW phenylmelhylsilylene{2.4<lirT»thykyclopente 

enyl)(2-,4'5--trimethylcyclopentadienyl)titaniumdichloride. ^^i„^h>rfinH<. 
phenylmethylsilylenebWetramethylcyclopentadierv^^^ '''^'""^^''^'1""?^ ^'It^SIS^^^ 

K^ua^ichL.de.dUenylsilylenebis(indenyl)^^^^^ 
SnSchloride.tetramethyldisilylenebis(indenyl)titaniumdi^ 

SZu^ichlorde. tetramethyldisilylene(3-methylcyclopentadienyl)(indenyl)t.tan.unrKhch^o dmetlyls.- 
SeSpLSienyl)(3.4KiiL^^^^ dimethyls-ly ene(cydlopentad - 

eSSyteySn^SSdenyinitarJu^^^^^ dimethylsilylenejcyclopentad.eny^)- 
lXa^^7\oZ^a6ienm^^ dimethylsilylene(cyck,pentadienyl)(3.4^.eth^^^^^ 
SteniuSoride. dim^Uly»ene(cydoper^dieny.)(triethylcyclopentad^ d.chlonde. d.mem- 

>rtsavlene(cydopentadienyl)(telraethylcyclopentadienyl)titaniumdichloride, 

SmS3enT(cyclopGntadienyl)(fl^^^^ dimethyl5ilylene(cyclopentad.enW (2 7<h^- 

SLTiuSS^^^ dimethyisily.ene(cydopentadienyl){octahydrofluo^^^^^^^^ 
Z^thvlsilylene(2-methylcyclopentadienyl)(fluorenyl)titaniumdichloride. d.methyls.lylene(2.5<hm3thylcy- 
SreSSCXor^^^^^^ dimethylsily.ene(2.ethylcyclc^entadienyl)(fluor«,yl)^^^^ 

3frSiMene(mettvlcydopentadienyO dimethyls.!yl«^e(d.mett.ytay- 
cSa*S)Si'^^^^^^ dimethylsnylene(ethylcyclopentadienyl)(oct^^^^^ 

(4) Transition metal compounds having two conjugated, 5-membered cycBc ligands. in which tf^J^ ''QajJ 

cSinked with a germanium-, aluminium-, boron-, phosphorus- or 
girsuch aVdimethylgermylenebisOn^^^^^^^ 

nSaniumdichloride methylalumylenebis(indenyl)titaniumdichlo^ phenylaiumyleneb.s(indenyOt.tenium- 
hSKSS^ S,^e^^^^^^ ethylbaylenebls(indenyl)titan.umd.chlorK^e, 
'pLeXlnyleSo^^^^^ pt,enylalumylene(cydopentadieny,)(f.uorenyl)ti.aniu^^^^^^ 

lS%r?Ssition metal compounds having one corijugated. 5-membered cydic ligand. such as pentamettiylcy- 
dop?ntal7(?^^^^^^ 

dimethylsilylenettetrameu^cyd^ent^nyo^e^ 
wiSSLdichloride. dimethylsilyene(tetramethylcyclopentadienyl)-t-butylam,not.tan>umd.*Ionde, 
SeThl^S^^en^teS^rS^^^^^ dlmethylsilylene(tetrahydro,ndenyl)[b.s(tr.- 
n^SyS)SS^^S^ dimethylgermylene(tetramethylcydopentadienyl)phenylammot,mn,^^^ 
SSrSS^Icyclcpentadienyltitanlumtrim^^^^ pemamethylcyclopentadienyltrtan.um tnchlonde. 

S Transition metal compounds having two conjugated. 5-membered cydic ligands in which the ligands are 
^ilr^rSnkld. suTas (1.1--dlmethy.sily.ene)^ 
dimethylsllylene)(2.2Msopropylene)bis(cydopentadienyOtrtan.u^^^^ 

dimethylsllylene)bis(cydopentadienyl)titaniumdichloride, ^ S-,Z,^^I1 

de^S2s(Sc1opertadienyl^^ (1.r<limethylsilylene)(2.2Msopropyhdene)b.s(cydo^^ 
SbStenium (i.r^imethylsilylene)(2,2-isopropylidene)bis(cydopGntad.enylb.s(trH^ett^yi 

(1 2 -dimethylsilylene)(2.1 •-ethylene)bis{indenyl)titaniumdichlonde. (1 .1 -dimethylsdylene)(2.2 etny 

eneSSJitaniunvllchl^ (1.r-ethylene)(2.2-<iimethylsilylene)bis(indenyl)trtan.umd.chlorde. (1.1 - 
dimethylsilylene)(2.2'-cydohexylidene)bis(indenyl)titaniumdichloride.etc. .u^ .u,„rino 

m Svatives from compounds of (1) to (6) noted above, which are produced by substrtut.ng the chlorine 
^omJ niSoS coZo^s of (1 ) to (6) with any of a bromine atom, an iodine atom, a hydrogen atom, a methyl 
gX a ^enXZ and others, and by substftuting the center metal, titar^um in those transrt,on metal com- 
pounds with any of zirconium, hafnium, niobium, molybdenum, tungsten and others. . ^..j. 
(8) Of the compounds of (1) to (7). the transition metal compounds havmg one conjugated. 5-membered cycle 
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ligand of (5) are especially preferably employed in producing styrenic polymers having a syndiotactic structure. 

(II) As specific examples of the transition metal compounds of formula (1-3), mentioned are the following com- 
pounds. 

(1) Transition metal compounds having a ligand, such as cyclopentadienyltitaniumtrichloride. methylcyctopen- 
tadienyltitaniumtrichloride. dimethylcyclopentadienyltitanlumtrichloride. trimethylcyciopentadienyltita- 
niumtrichloride. tetramethylcyclopentadienyltitaniumtricWoride. pentamethylcyclopentadienyl- 
titaniumtrichlortde, n-butyicyclopentadienyltitaniumtrichtoride. indenyftitanium trichloride, fluorenyltitanium 
trichloride, cydopentadienyltitaniunxlichlorohydride. cyclopentadienylmethyltitaniumdichloride. cydopentadi- 
enylethyltitaniumdichloride. f luorenyltitaniumtrichioride, etc. 

(2) Transition metal connpounds having a ligand, such as 4,5.6,7-tetrahydroindenyltitaniurrrtrichloride, 2-meth- 
ylindenyititaniumtrichloride. etc. 

(3) Transition metal compounds having a ligand, such as octahydrofluorenyttitaniumtrichloride, etc. 

(4) Transition metal compounds having one conjugated, five-membered cyclic ligand, such as 
pentamethylcydopentadienyttitaniumtrimethoxide. pentamethylcyclopentadienyltitaniumtrichlorlde. etc. 

(5) Derivatives from compounds of (1) to (4) noted above, which are produced by substituting the chlorine 
atoms in those compounds of (1) to (4) with any of a bromine atom, an iodine atom, a hydrogen atom, a methyl 
group, a phenyl group and others, and by substituting the center metal, titanium in those transition metal com- 
pounds with any of zirconium, hafnium, niobium, molybdenum, tungsten and others. 

(6) Of the compounds of (1 ) to (5), the transition metal compounds having one conjugated, 5-membered cyclic 
ligand of (4) are especially preferably employed in producing styrenic polymers having a syndiotactic structure. 

(III) In the transition metal compounds of formula (1-4), represents a transition metal of Groups 8 to 10 of the 
Periodic Table, concretely including cobalt, nickel, palladium, platinum, etc. Of those, preferred are nickel and pal- 
ladium. L"" and each represents a coordination-bonding ligand; and X** and each represent a covalent-bond- 
ing or ionic-bonding ligand. As mentioned hereinabove. and include, for example, a hydrogen atom, a 
halogen atom, a hydrocarbon group having from 1 to 20, preferably from 1 to 10 carbon atoms, an alkoxy group 
having from 1 to 20. preferably from 1 to 10 Ccurbon atoms, an amino group, a phosphorus-containing hydrocartx)n 
group having from 1 to 20. preferably from 1 to 12 carbon atoms (e.g., a diphenylphosphine group, etc.), a silicon- 
containing hydrocarbon group having from 1 to 20. preferably from 1 to 12 cartx)n atoms (e.g., a trimethylsiiyl group, 
etc.), and a boron compound residue having a hydrocarbon group with from 1 to 20, preferably from 1 to 12 carbon 
atoms or having halogens (e.g., B(C6H5)4. BF4). Of those, pretended are halogen atoms arxJ hydrocarbon groups.. 
X*" and may be the same or different ones. Specific examples of and include triphenylphosphine, ace- 
tonitrile, benzonrtrile, 1 ,2-bisdiphenylphosphinoethane, 1 ,3-bisdiphenylphosphinopropane, l.l'-bisdiphenyl-phos- 
phinoferrocene. cyclooctadiene, pyridine, bistrimethylsilylaminobistrimethylsilyliminophosphorane, etc. 

[0032] , L^, X"* and Y^ may be bonded to each other to form a cyclic structure. 

[0033] The compounds of transition metals of Groups 8 to 10 of the Periodic Table preferably have a diimine com- 
pound as the ligand. including, for example, complex compounds of a general formula (1-5): 




(1-5) 



wherein R^" and R each independently represent an aliphatic hydrocarbon group having from 1 to 20 carbon atoms, 
or an aromatic group having a hydrocarbon group on the ring and having from 7 to 20 carbon atoms in total; R"''' and 
R^^ each independently represent a hydrogen atom, or a hydrocarbon group having from 1 to 20 cartx)n atoms, and 
R^ ^ and R^^ may be bonded to each other to form a ring; X and Y each independently represent a hydrogen atom, or 
a hydrocarbon group having from 1 to 20 cart>on atoms; and M represents a transition metal of Groups 8 to 10 of the 
Periodic Table. 

[0034] In formula (1-5). the aliphatic hydrocarbon group having from 1 to 20 carbon atoms for R^° and R^^ may be 
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10 



15 



SO 



2S 



a linear or branched alky! group having from 1 to 20 cartDon atoms or a cycloalkyl group having from 3 to 20 catbon 
ils conSSduIg a methyl group, an ethyl group, an n-propyl group, an isopropyl group. 
rSrI group a si-b^ a tert-butyl group, a pentyl group, a hexyl group, an octyl group, a decy QtouP, a tet- 
rS gr3a hSadSl group, an octadecyl group, a cyclopentyl group, a cyclohexyl group, and f ^V^'-^^^.f "P- 
Sc^Vo ieTina dJhecydoalM group, a suitable substituent such as a lower aikyi group may be .ntroduced. The aro- 
^tic aroup a hydSS)n group on the ring and having from 7 to 20 carbon atoms in ^^f ""c'^^l^fj^^'l 
r ph3a^n^^^^ groups wSh aHeast one linear, branched or cyclic CMC alkyi group being <>" tje arama^ 
Si ^TS« and Jerri is an aromatic group having a hydrocarbon group on the ring, and espeoally preferred 
i«; a 2 6-diisoDroDvlphenyl group. and R^^ may be the same or different. 

O^sf -J^Socarbon group having from 1 to 20 carbon atoms for R^^ and R^^ includes, for sample, a hnear or 
SS^ed a^JgS from 1 to 20 carbon atoms, a cycloalkyl group having from 3 to 20 cartx,n ato«« a" ^ 
SCTh^vrrS^frSm 6 to 20 cirt^on atoms, and an aralkyi group having from 7 to 20 carbon atoms^ ^°^«f 7'!^^^ 
K or branched alkyl group having from 1 to 20 carbon atoms and the cycloalkyl group having 3 to20 

Of the C1 -20 hydrocarbon group mentioned hereinabove for R and k . i-ot a ana t. y k 

[2], [3], [4], [51, [6], m. [81. [91. m, [1 1] and [12]. 
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40 



45 
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(CH,)x CH 




:n i 

CH (CH,)» (CHOx CH 



^N.-'- " * \CH. CH, 



CH (CH«)» 



(CH,)z CH 



CH (CH,), (CH,), CH^CH (CH.)x 




;n i 



CH, 



SO 




(CH.). CH^CH (CH.), (CH,), CH 



JLcH (CH,), 
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20 



25 



(CH,). CH'V^CH (CH,), (CH 
CH. 
CH. 



CH (CH,), 



N /CH» 

::Ni ^ 



vOX^N-. /CH, 



(CH.), CHvJk/CH (CH.), (CH,), CHvJk/CH (CH,), 



(5) 



C6) 



(CH 



,). CH'^ 



CH (CH,), (CH,)z CH 



T 

N- ^H 



CH, 
CH, 



CH (CH,), 



H 



N ' ^H 



(CH.), CH 



(7) 



CH (CH,), (CH,), CHs^^CH (CH,), 

C8) 



30 



3S 



(CH 




CH (CH,), (CHa) 




CH (CH,), 
,N ... /B r 
[Oy^N " r 



(CH.), ^"'^jgj'^" (CH,), (CH,), CH 
C9) 



(10) 



CH (CH,), 



40 



45 



SO 



(CH,), CH^^CH (CH,), (CH, 
^N-...^./Br CH, 
'^B r 



), CH'N^ 



CH (CH,), 



(CH,), CHn^CH (CH,), (CH,), CHv^CH (CH,), 
(in C12) 



( 



CH, 



N-., /B r 
"N i 



B r 



55 



[0039] 

bined. 



In the invention, one or more of the complex compounds noted above may be used either singly or as com- 
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[0040] Specific examples of the transition metal compounds of formula (1-4) include *;o'Tiobistn^^^^^^ 
S dichSTobistripf^enylpf^ospl^inenickel. dibromodiacetonitrilenlckel. tThtmo^^^^^ 

SSl^S^^-SShrnylpi^^^^^^ bistriphenylpf^sphinopalladium-bjstetrafluorc^^j^^ 
SSo metfiyllron tetiaf luorot»rateetherate. etc. Of those, preferred are «t«n^~"™P'7« iTbSzi- 
dlphSphospWr»ethano)nid^^^^^^ bistriphenylphosphinopallad.umbetetrafluoroborate. and b,s(2.2 

in bipyridlno)methylirontetrafyorot»rateetherate. 

r^Mll in the invention, it is desirable that the component (D) is contacted with the produ^ ^^-nrt ^hTwlS 
Awm anri /n in the abs^ce of an active hydrogen which is harmful to the catalyst to be produced and which will be 

CSS S^SS S (C) and with the component (D) is preferred, since active hydrogen-having compounds 

with the pro*f» " , .V^ " -,,ch as water hvdrozyl-having compounds, amino-havmg compounds 

35 and the boiling point of the solvent used. 
Alkylating agent for component (E): 

10045] in the invenfion, optionally used is an alkylating agent as the -mpon«nt(E) for the J^^^^^" j^^^^^^^ 
40 Organic magnesium compounds, organic zinc compounds and organs alum.n.um compounds. Of those, preferred 

?rr^Tr;^T?grrg^s^^^^^ 

the following compounds of general formulae (1-6) and (1-7): 



15 



20 



25 



45 



SO 



wherein represents an alkyi group having from 1 to 8. preferably from 1 1D 4 carbon atoms. 



55 



'^^ro,y^T,::^^Ts:^^^;Z^ul d^utyTmagnesium. etc.: dialM^incs such as dimeth^zinc, d.ethy.z.nc. 

riSi?'X"nVSiS^^^^^^ employable herein are not specHically defined. For ^V^;-^"^-:^ 

S^Lng ilnium compounds of the following general formu^(l-8). ''"f «r «Sr"raTim 
fonnula (1-9). and cyclic aluminoxanes and their associates of the tollow.ng general formula (1-10). 
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R'5„AI(ORi'')^3., 



(1-8) 



wherein R^^ and R^^ each represent an alkyi group having from 1 to 8, preferably from 1 to 4 carbon atoms; X repre- 
sents a hydrogen atom or a halogen atom; 0 < m ^ 3, preferably m = 2 or 3, most preferably m s 3; 0 ^ n < 3, preferably 
n = Oor 1. 



A I— t-O-A 1 -H— O- 



A 1 



/' 



\p IT 



I 7 



— ^0- 



A I 



wherein R^^ represents an alkyI group having from 1 to 20, preferably from 1 to 8 carbon atoms, and plural R^^'s may 
be the same or different; p and r are integers, falling 0 < p < 40. and 1 < r < 50. 

[0049] Examples of the compounds are triaikylaluminiums such as trimethylaluminium. triethylaluminium. tripropy- 
laluminium. triisobutylaluminlum, tri-t-butylaluminium. etc.; halogen-, alkoxy- or hydrcxyl-having alkylaluminiums such 
as dimethylaluminiumchloride, dlethylaluminiumchloride. dimethylatuminiummethoxide, diethylaluminiummethoxide, 
dimethylaluminiumhydroxide, diethylaiuminiumhydroxide, etc.; hydrogen-having alkylaluminiums such as dimethylalu- 
miniumhydride. diisobutylaluminiumhydride. etc.; aluminoxanes such as methylaiuminoxane. ethylaluminoxane. iso- 
butylaluminoxane. etc. Of those, preferred are triaikylaluminiums, more preferred are trimethylaluminium and 
triisobutylaluminlum; and even more preferred is triisobutylaluminlum. 

[0050] In the invention, one or more of the organic aluminium compounds noted above may be used as the compo- 
nent (E), either singly or as combined. 

2. Method for producing polydefins: 

[0051 ] In the method for producing polydefins in the invention, favorably used is the catalyst noted above optionally 
along with an organic aluminium compound for homopolymerization of olefins or for copolymerization of olefins with 
other olefins and/or other monomers (that is. copolymerization of different types of olefins, or copolymerization of ole- 
fins with other monomers, or copolymerization of different types of olefins with other monomers). 
[0052] As the organic aluminium compound, preferred are the compounds of formulae (1-8) to (1-10) mentioned 
above. The amount of The organic aluminium compound to be used may be generally from 0.5 to 100 ^mols, preferably 
from 2 to 20 fimols, relative to one g of the silane compound-processed clay 

[0053] Olefins to be polymerized in the invention are not specifically defined, but preferred are a-olef ins having from 
2 to 20 carbon atoms. Olefins of that type include, for example, a-olef Ins such as ethylene, propylene. 1-butene. 3- 
methyl-1-butene. 4-methyl- 1-butene. 4-phenyl- 1-butene, 1-pentene, 3-methyl-1-pentene. 4-methyl-1 -pentene, 3.3- 
dimethyl-1-pentene. 3.4-dimethyl-1-pentene. 4.4-dimethyl-1-pentene, 1-hexene. 4-methyl-1 -hexene, 5-methyl-1-hex- 
ene, 6-phenyl-1 -hexene, 1-octene, 1-decene, 1-dodecene, 1-tetradecene, 1-hexadecene, 1 -octadecene. 1-eicosene, 
vinylcyclohexane. etc.; halogen-substituted a-oleflns such as hexafluoropropene, tetrafluoroethyiene. 2-fiuoropropene, 
fluoroethylene, 1.1-difluoroethylene. 3-fluoropropene, triftuoroethylene, 3,4-dichloro-1-butene. etc.; and cyclic olefins 
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such as cyclopentene, cyclohexene, norbornene. 5-methylnorbomene. 5-ethylnorbornene, 5-propylnorbomene 5 6- 
dimethylnaooTneoe 5- Jruylnorbomene. etc.. Styrenic compounds are also usable as olefms herein. They im^lude fo^ 
exaople st,.eoe aiKyistyrenes such as p-methylstyrene. p-ethylstyrer,e. p-propylstyrene. p-.sopropylstyrene. p-butyl- 
styrene p-tert^utyioryrene p-phenylstyrene. o-methylstyrene. o-ethylstyrene, o-propylstyrene OMSoprofyl^yren^ m- 
mSit^eoe m etr^^ene "visopropylstyrerie. m-butylstyrene. mesitylstyrene. 2.4-d,methylstyrene 2 SKl-methyl- 
stvreie 3 SO.'ne-tifcty.ene. etc , alkoxystyrenes such as p-methoxystyrene. o-methoxystyrene. m-methoxystyrene. 
e^ haloQeoosty.eoes such as p-chlorostyrene. m-chlorostyrene. o-chlorostyrene. p-bromostyrene m-bromostyrene. 
o-b^omo^r^-eoe p .iuo.ostyrene. m-fluorostyrene. o-fluorostyrene. o^nethyl-p^luorastyrene etc.; ^^o tr«Ti«th^^^^ 
lylstyrene v,ny»>eruoaies. divinylbenzene. The other defire to be copolymerized may be surtaWy selected from the ole- 



fins noted aDcrve 

rO0541 *i tne .ny^nton. one or more olefins may be homopolymerlzed or copolymerized either singly or as com- 
binSwhe.et^o.mored.fferent olefins arecopolymerlzed.*^ 

ESSr m the .nv*ni«n. olefins such as those mentioned above may be copolymerized with any °ther <:omon^^^^ 
The comono.n«.v -Kiube. to. example, linear diolefins such as butadiene, isoprene. 1 .4-pentad.ene. 1,5-h®ad.ene. 
It? po^^Sn.^. su:hasno*o;nene. 1.4.5.8-dimethano-1.2^ 

Sc.; cyd.c d'o'e*-. soch as nortx»rnadiene. S-ethylidenenorbornene. 5-vinylnorbomene. dicydopentad.ene. etc., and 
unsaturated esiws such as ethyl acrylate. methyl methacrylate, etc. ^ • ^ . 

SSS tS Cdnpoiymerization is not specHlcally defined, and herein employable .s any desired ^ym- 

Sn mode o. ^.y polym^zalion. solution polymerization, vapor phase polymerization, bulk polymenzafon or 

I^SKj^'Sl^'^"^ used .n polymerization. They include, for example hydroc^ons arxj "-jogeno^^r- 
bonssuch as berzeoTtoiuene. icylene. n-hexane. n-heptane, cyclohexane. chloromethylene. chloroform. 1.2-d.cWo- 
Sihane a^^^^ne O,;;^ or more such solvents may be used either singly or as combined. Depending on 
their Woe morxxT^ to be polymerized may also serve as solvents. . , . r.. 

ISST r^tt^e caSylK: activity for polymerization and of the reactor efficiency, ft is desirable that the amount 
of^ catalyst to be .n the polymerization system is so controlled that the amount of the component (D could fal gen- 
Sat SSei 0 7and lOO ^mols. but preferably between 0.5 and 25 ^mols. in one liter of the solvent m the system 
^rJnoV^e prtymerization condition, the pressure may fall generally between ordinary pressu e and 
30 Lc^ kg/c,5T?^.^Sr,^erature may fall generally between -50 and 250»C. For controlling the molecular 
ShtdtJltlU'sTbepr^^^ 

Son te^!^«^ be^tobly select^- If desired, hydrogen may be introduced into the polymer^aton system 
tor that purpose. 

35 Second Aspect of the Invention: 

1 . Constituent components lor olrfin polymerization catalyst: 

[0060] The catalyst tor olefin polymerization of the second aspect of the invention (this will be simply referred to as 
40 -me invention- in this^on) is prepared by contacting (a) a transition metal compound wiUi a silane compound-proc- 
eieTday as prepared by contacting an aqueous dispersion of (b) water^ellable clay with (c) a silane cornpound to 
S is opSr^TacS^W) an organic metal compound wrth a metal of Groups 1 . 2. 13 andl4^the Periodic Table. 
ILll Constituent components that are favorably used for preparing the catalyst are menhoned below. 

45 (a) Transition metal compounds: 

rO0621 As the con«onent (a) in the invention, usable are compounds of transition metals of Groups 4 to 6 or Groups 
L^l Lf thVPer^S^rAL L compounds of transition metals of Groups 4 to 6 of the Pe^ 

Dr^e°2 are«^se (5 thTf^ing gen^l formulae (11-3) to (11-5) in view of their activrty; and as the compounds otran- 
Sfn ^etl o^SrCs to 10 Periodic Table, preferred are those of the following general formula (11-6) also in 
view of their activity 

Q^(C6H^a.bR^b)(C5H5.a.cR'c)M^XVY^c, ("'^^ 

Q2a(G5H5.a^R3d)ZiMixVY^q 
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L'l2m2x2„y2^ (11-6) 

wherein represents a bonding group that crosslinks the two conjugated, 5-membered cyclic ligeuids (C5H5.a.bF^^b) 

and (C5H^a.cR2c): 

c 

represents a bondjng group that crosslinks the conjugated. 5-membered cyclic ligand (C5H5.a^R^ci) 
group : 

RV and R^ each represent a hydrocarbon group, a halogen atom, an alkoxy group, a silicon-containing hydro- 
carbon group, a phosphorus-containing hydrocarbon group, a nitrogen-containing hydrocarbon group, or a boron- 
10 containing hydrocarbon group; 
a represents 0. 1 or 2; 

b, c and d each represent an integer of from 0 to 5 when a = 0, or an integer of from 0 to 4 when a = 1 . or a integer 
of from 0 to 3 when a = 2; 

(p q) equals the valence number of M ^ minus 2 ; 
15 r equals the valence number of M ^ ; 

represents a transition metal of Groups 4 to 6 of the Periodic Table; 

represents a transition metal of Groups 8 to 10 of the Periodic Table; 
(u + v) equal the valence number of M^; 

oiid each represent a coordination-bonding ligand; 
xV yV 2\ and each represent a oovalent-bonding or Ionic-bonding ligand; 
L\ L^. and Y^ may be bonded to each other to form a cyclic structure. 

[0063] Specific examples of Q"" and include (1) an alkylene group having from 1 to 4 carbon atoms, or a 
cycioalkylene group, or the group substituted by a lower alkyi or phenyl group at its side chain, such as a methylene 

25 group, an ethylene group, an isopropylene group, a methylphenylmethylene group, a diphenylmethylene group, a 
cyclohezylene group, etc.: (2) a silylene group, or an oligosilylene group, or the group substituted by a lower alkyI or 
phenyl group at its side chain, such as a silylene group, a dimethyisilylene group, a methylphenylsilylene group, a diphe- 
nylsilytene group, a disilylene group, a tetramethyldisilylene group, etc.; and (3) a hydrocarbon group (e.g., a lower alkyi 
group, a phenyl group, a hydrocarbyloxy group (preferably, a lower alkoxy group), etc.) containing germanium, phospho- 

30 rus. nitrogen, boron or aluminium, such as a (CH3)2Ge group, a {C6H5)2Ge group, a (CHs)? group, a (CeHs)? group, a 
(C4H9)N group, a (C6H5)N group, a (CH3)B group, a (C4H9)B group, a (C6H5)B group, a (C6H5)AI group, a {CR30)A1 
group, etc. Of those, preferred are alkylene groups and silylene groups in view of the activity of the interxJed catalysts. 
[0064] (C5H5.3.bR\), {C5H5.a.cR^c) (CsHs^a^R^d) are conjugated. 5-membered cyclic ligands. in which R\ R^ 
and R^ each represent a hydrocarbon group, a halogen atom, an alkoxy group, a silicon-containing hydrocarbon group, 

35 a phosphorus-containing hydrocarbon group, a nitrogen-containing hydrocarbon group, or a boron-containing hydrocar- 
bon group; a represents 0, 1 or 2; and b, c and d each represent an integer of from 0 to 5 when a = 0, or an integer of 
from 0 to 4 when a - i , or a integer of from 0 to 3 when a = 2. The hydrocarbon group preferably has from 1 to 20 carbon 
atoms, nrxjre preferably from 1 to 12 carbon atoms. The hydrocarbon group may be a monovalent one that bonds to the 
cyclopentadienyt group of a conjugated. 5-niembered cyclic group. Two of plural hydrocarbon groups, if any. may be 

40 bonded to each other to form a cyclic structure along with a part of the cyclopentadienyl group. Specific exanrples of 
those conjugated. 5-membered cyclic ligands are substituted or unsubstituted cyclopentadienyl groups, indenyl groups 
and fluorenyl groups. The halogen atom includes chlorine, bromine, iodine and fluorine atoms. The alkoxy group pref- 
erably has from 1 to 12 carbon atoms. The silicon-containing hydrocarbon group includes, for example, groups of - 
SiCR'^XR^jCR^). in which R^. R^ and R^ each represent a hydrocarbon group having from 1 to 24 carbon atoms. As the 

45 phosphorus-containing hydrocarbon group, the nitrogen-containing hydrocarbon group and the boron-containing hydro- 
cart>on group, for example, mentioned are groups of -P(R^){R^), -N{R^)(R^), and -B(R^)(R^), respectively, in which R^ 
and R® each represent a hydrocarbon group having from 1 to 18 carbon atoms. Plural R^'s. R^'s and R^'s. if any. may 
be the same or different ones, respectively In formula (11-3), the conjugated, 5-membered cyclic ligands (C5H5.a.bR^b) 
and (C5H5.a.cR^c) the same or different ones. 

so [0065] represents a transition metal element of Groups 4 to 6 of the Periodic Table, including, for example, tita- 

nium, zirconium, hafnium, vanadium, niobium, molytxJenum. tungsten, etc. Of those, preferred are titanium, zirconium 
and hafnium in view of the activity of the intended catalysts. represents a covalent-bonding ligand. including, for 
example, a halogen atom, an oxygen atom (-0-), a sulfur atom (-S-), an alkoxy group having from 1 to 20, preferably 
from 1 to 10 carbon atoms, a thioalkoxy group having from 1 to 20, preferably from 1 to 12 carbon atoms, a nitrogen- 

55 containing hydrocartx^n group having from 1 to 40. preferably from 1 to 18 carbon atoms (e.g.; a t-butylamino group, a 
t-butylimino group, etc.). and a phosphorus-containing hydrocarbon group having from 1 to 40, preferably from 1 to 18 
carbon atoms. X^ and Y^ each represent a covalent-bonding ligand or an ionic-bonding ligand, including, for example, 
a hydrogen atom, a halogen atom, a hydrocarbon g-oup having from 1 to 20. preferably from 1 to 10 carbon atoms, an 



17 



OCID: <EP_ 



1026176A1_L> 



EP 1026 176 A1 



10 



15 



20 



25 



alkoxy group having from 1 to 20, preferably from 1 to 10 cajx," artoms^an ^^^^^^^^^^ 
hydr<x4on group having from 1 to 20. preferably from 1 to ca*o^^^^^^ a trim^ylsilyl 
a silicon-containing hydrocarbon group having from 1 to 20. preferably from 1 ^^^^^^^^^ o f om 1 to 12 car- 
group, etcO. and a boror, compound re.duehav.g a ^ . 

Jen S?om. ^Mr^yamino group, or a hydrocarbyloxy group, and is preferably an alKoxy group. 

(0 Asspedfic examples Of the transition metal compounds of formulae (11-3) and (11-4). mentioned are the following 
compounds. 

bls(tetramethylcyclopertad.enyltten,umd.chlor,deb.^^^^^^^ bis(fU.orenyl)titaniumdichloride. 
butylcyclopentadienyl)trtaniumd.chlorde, '"^('"^^J^^^^^ 

S^^clop^eSS:S=rp^^ 

..s(tetramethy.cyctopentad«^^^^ Ji,,uorenyl)zlrconium- 
bis(n-butylcyclopentadienyl)zirconiumdichlonde 3"?;"^"^ 

enyOtltaniumdichloride. '«^'°Py''^"«(2-mett^t^^c^^^^^ 
e,.,l)(3,4*ne%l.yck»»^.ea,l)«B™unxl«^ 

clopentadienyDtitaniumdichlonde. '*'P*^e"y*"^^^®?f,f^„^^^^^ cyclohexylidene(2.5 
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dichloride, ethylenebis(indenyl)zirconiumdichloride. methylenebis(indenyl)zirconiumchlorohydride, ethyl- 
enebis(indenyl)methyIzrrconiumchlorlde, ethylenebis(indeny!)methoxychlorozirconium. 
ethylenebis(indenyl)zirconiumdiethoxide, ethyienebis(indenyl)dimethylzirconium. ethylenebis(4,5,6.7-tetrahy- 
droindenyl)zirconium dichloride. ethylenebis(2'methylindenyl)zirconiumdichloride, ethyienebis(2,4-dimethylin- 
denyl)zirconiumdrchloride, ethylenebis(2-methyl-4-trirnethylsilyIindenyl)zirconlumdlchloride, ethylenebis(2,4- 
dimethyl-5,6J-trihydroindenyl)zirconiumdichloride, ethylene(2.4-dimethylcyclopentadienyI)(3',5'-dimethylcy- 
c!opentadienyl)zirconiumdichloride. ethylene(2-methyl-4-t-butylcyclopentadienyl)(3'-t-butyl-5-methylcyclopen- 
tadienyl)zirconlumdichloride, ethylene(2.3.5-trimethylcyclopentadienyl)(2\4'.5*-trimethyl- 
cyclopentadienyl)zirconiumdichloride, lsopropylidenebis(2-methylindenyl)zircontuiTidichloride, isopropylh 
denebls(indenyl)zirconiumdichloride, isopropylidenebls(2,4<iimethyrrndenyl)zirconium dichloride, isopropyli- 
dene(2,4<limethylcyclopentadienyl)(3\5*-dimethylcyclopentadlenyl)zirGoniumdi isopropylidene(2- 
methyl-4-t-butylcycIopentadienyl)(3'-t-butyl-5'-methylcyclopentadienyl)zirconiur^ methyl- 
ene(cydopentadienyl)(3,4Kjimethylcyclopentadienyl)zirconiumdichloride, methylene(cyclopentadienyl)(3.4- 
dimethylcyclopentadienyl)zirconiumchlorohydride, methylene(cyclopentadienyl)(3.4-dimethylcyclopentadi- 
enyl)dimethyiztrconium, methylene(cyclopentadienyl)(3,4<limethyicyclopentadienyl)diphenylzirconium, meth- 
ylene(cydopentadienyl)(trimethylcyclopentadienyl)zirconiurrKlichlorid 

methylene(cyclopentadienyl)(tetramethylcyclopentadienyl)zirconiurndi^ isopropylldene(cyclopentadi- 
enyl)(3.4-dimethylcyclopentadienyf)zlrconiumdichioride. isopropylidene(cyclopentadienyl)(2,3,4,5-tetramethyl- 
cyclopentadienyl)zirconiumdichloride. isopropylidene(c>x>lopentadienyt)(3-methylindenyl)zirconiunxlichloride, 
isopropylidene(cyclopentadienyl)(fluorenyl)zirconiumdichloride, isopropylidene(2methylcyclopentadienyl)(flu- 
orenyl)zirconiumdichloride. isopropylidene(2,5<iimethytcyclopentadienyl)(3.4-dimethylcydopentadienyl)zirco^ 
niumdichloride. isopropylidene(2.5<iimethyicyclopentadienyl)(fluorenyOzirconiumdich 
ethylene(cydopemadienyl)(3,5<limethylcyc!opentadienyl)zirconiumdichloride. ethylene(cycloperrtadienyl)(flu- 
orenyl)zirconiumdichloride, ethylene(2,5-dimethy}cyctopentadienyl)(fluorenyl)zirconjumdichloride, ethyl- 
ene(2,5-diethylcyclopentadienyl)(fluorenyl)zirconiumdichlGride, dipheny!methylene(cyclopentadienyl)(3,4- 
diethylcydopentadienyl)zirconiumdichloride, diphenyimethylene(cyclopentadienyf)(3,4-dlethylcydopentadi- 
enyOzirconiumdlchioride. cydohexylidene(cyclopentadienyl)(fluoreny!)zirconiumdichloride,cycbhexy^ 
dene(2,5<limethylcyclopentadienyl)(3\4'-dimethylcydopentadienyl)zirconiumdichloride, 
methylenebis(indenyl)hafniumdichloride, ethylenebis(indenyl)hafniumdichloride, methylenebis(indenyi)hafni- 
umchlorohydrlde. elhylenebis(lndenyl)methylhafniumchlorjde. ethylenebis{indenyl)methoxychlorohafnium, 
ethylenebis(indenyl)hafnlumdiethoxide. ethylenebis(indenyl)dimethylhafnlum, ethylenebis(4.5,6.7-tetrahy- 
droindenyl)hafniumdichloride, ethytenebis(2-methy1lndenyl}hafniumdichlorrde, ethylenebis(2,4-dimethylinde- 
nyl)hafniumdichloride, ethylenebis(2-methyl-4-trimethy1silylindenyl)hafniurndichloride, ethylenebis(2,4- 
dimethyl-5,6,7-trihydrolndenyl)hafniumdichloride, ethylene(2,4-dimethylcyclopentadienyl){3',5*-dimethylcy- 
clopentadienyl)hatniumdichloride, ethylene(2-methyl-4-t-butylcyclopentadienyl)(3'-t-butyl-5'-methylcyclopenta- 
dienyl)hafniumdichloride. ethylene(2.3,5-trimethylcyclopentadienyl)(2'.4\5'-trinriethylcycloperitadienyl)- 
hafniumdichloride. isopropyltdenebis(2-methyfindenyl)hafn!umdlchloride, isopropylidenebis(indenyl)hafnium- 
dichloride, isopropyl id enebis(2.4-dimethylindenyl)haf niumdichloride, isopropylidene(2,4-dimethylcydopentadl- 
enyl)(3',5'-dlmethylcyclopentadienyl)hafniumdichloride. isopropylidene(2-methyl-4-t-butylcyclopentadienyl)(3'- 
t-butyl-5-methylcyclopentadienyl)haf niumdichloride, methylene(cyclopentadienyl)(3.4-dimethylcydopentadl- 
enyl)hafniumdichloride, methylene(cyclopertadieriyl)(3,4-dimethylcycloperitadieriyl)hatrirumchlorohydride. 
methylene(cyclopentadienyl)(3,4-dimethylcydopentadienyi)dimethylhafnium, methylene(cyGlopentadi- 
enyl)(3,4-dimethylcyclopentadienyl)diphenylhafnium, methylene{cyclopentadienyl)(trimethylcydopentadi- 
enyl)hafniurTKlichloride, methyiene(cyclopentadienyl)(tetramethylcyctopentadienyl)-hafniumdichloride, 
isopropyliderie(cycloperitadieriyl)(3.4<limethylcyclopentadienyl)hafniurrdichlori^ isopropylidene(cyclopenta- 
dienyl)(2.3.4,5-tetramethylcyclopentadienyl)hafnlumdichtoride. isopropylidene(cydopentadienyl)(3-methylin- 
denyl)hafniumdichloride, lsopropyiidene(cydopentadienyl)(fluorenyl)hafniumdlchloride, isopropylidene(2- 
methylcyclopentadienyl)(fluoreny I) haf niumdichloride. Isopropylidene (2.5-dimethylcyclopentadienyl)(3,4- 
dimethylcyclopentadienyl)hafnlumdichloride, isopropyiidene{2,5-dimethylcyclopentadienyl)(fluorenyl)hafnium- 
dichloride. ethylene(cydopentadienyl)(3,5-dimethyicyclopentadienyl)hafniurTXlichloride. ethylene(cyclopenta- 
dienyO(fIuorenyl)hafniumdichloride. ethylene(2.5-dimethylcyclopentadienyl)(fluorenyl)hafnium dichloride. 
ethylene(2,5-diethylcyclopentadienyl)(fluorenyl)hafniumdichloride. diphenylmethylene(cyclopentadienyl)(3,4- 
diethylcyclopentadienyl)hafniumdichloride, diphenylmethylene{cyclopentadienyl)(3,4-diethylcydopentadi- 
enyl)hafniumdichloride. cyclohexylidene(cyclopentadienyl)(fluorenyi)hafnlumdichloride. cydohexylidene(2,5- 
dimethylcyclopentadienyl)(3\4'-dimethylcyclopentadieny1)hafniumdichloride. etc. 

(3) Transition metal compounds having two silylenecrosslinked. conjugated, 5-membered cyclic ligands, such 
as dimethylsilylenebis(indeny!)titaniumdichloride. dimethylsilylenebis(4.5.6.7-tetrahydroindenyl)titaniumdichlo- 
ride. dimethylsilylenebis(2'methylindenyl)titaniumdichloride, dimethylsllylenebis(2,4-dimethytindenyt)titanium- 
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n»lh,1.4™phl,lWen,l)fcnl>,n«k*londe d«j^^ 

^^^^^^^^^ 

dienyl)titaniumdichloride, dimethylsilylene(cyciopemaoieny a . , .^p dimethvlsilvlene(cyclopen- 
dimii;isilylene(cyclopemadienyl)(3.4Kli^hylc^^^^^^^^ 

dienyl)titaniumdichlonde, ^, I^^IL-,, . J4i,.hioride dimethytsilylenefcydopentadi- 

dimethy.sny.ene(cyclcpentadienyy^^^^ 

enyl)(octahydrcrf.uorenyl)t.tan.^^^^^ dimethylsilylene(2- 
dichloride. dimethylsilylene{2.5-d.methylcyclopentaaienwjT^^ 
ethylcyclopentadienyl)(fluorenyl)tten.umd.chlonde, '^'""^'S' 7 

dimethylsilylene{2.5-dimethylcyclopentadienyO^ jKli-t b^^^^^ 
ethylcydope^tadienyl).(2^r<ii-t-buty«^^^^^^^^^ 

clopentadienyl)(octahydrotluorenyl)titaniumd.chlor.de. ^, *"'!^JSSvtenebis(2-m^^^ 

dimethylindenyl)zirconiumdichloride. P^®"^'";®^^'^;^ f"Xs^^^^ 
c.opentadieny.)zirconlumdi2;;-«^ 

tetramethyldisilylene(3-methylcyclopentaaierv'^^^^^^^ 

eny.)(3.4-dia,ethy.cydopentedienyOz^^^ 

.ad-.eny.)^c»n.m^^^ 

re;:s;^s^.openr~^ 

dienyOOet^ethylcydopentadienv.^^^^^ 

r^suyc.c.en.djr^^^ 

dimethylsilylene(diethylcyclopentadien/)(27<litDuw^^^ ditnethvlsilylenetdimethylcyclopentadi- 
ylcydopentadienylKoctahydrofluorenyOz™ dSsJeneSthylcycWert^^^^^^ 
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dimethylindenyl)hafniumdichloride, dimethylsilylenebis{2.4<lirnethylcyclopentadienyl)(3\5*-dimethylcyclopen- 
tadienyl)hafniumdichloride, dimethylsllylenebis(2-methyl-4,5-berucindenyl)hafniumdichloride, dimethylsi- 
lylenebis(2-methyl-4-naphtylindenyl)hafniumdich!oride, dimethylsilylenebis(2-methyl-4- 
phenylindenyl)hafniumdichloride, phenylmethylsilylenebis(indenyl)hafnjumdichloride, phenylmethyisi* 
lylenebis(4,5,6,7-tetrahydroindenyl)hafniumdichloride, phenylmethylsilylenebis(2,4-dlmethylindenyl)hafnium- 
dichloride. phenytmethylsiiylene(2,4-dimethylcyclopentadienyl}(3\5'-dimethylcycloperrtadi^^ 
hafniumdichloride. phenylmethylsilylene(2.3.5-trimethylcydopentadlenyl)(2\4\5'-tri^ 
enyl)hafniumdichloride, phenylmethylsilylenebis{tetramethylcyclopentadlenyl)hafniunidichloride, diphenylsi- 
lylenebis (2,4-dimethylindenyl)hafniumdlchloride, diphenylsilylenebis(indenyl)hafnlumdichloride, 
diphenylsilylenebjs(2-methylindenyl)hafniumdichloride. tetramethyldisilylenebis(indenyl)hafniumdichloride, 
tetramethyldisilylenebis(cyc{opentadienyt)hafnium dichloride. tetramethyldisilylene(3*methylcyclopentadi- 
enyl)(indenyl)hafnjumdichloride, dimethylsilylene(cyclopemadienyl)(3,4KJimethylcydopentadienyl)hafnium- 
dichloride, dimethylsilylene(cyclopentadienyl){trimethylcycfopentadienyl)hafniurTKl^ 
dimethylsilylene(cyclopentadienyl)(tetramethylcyclopentadienyl)hafniunxlichl^ dimethylsilylene(cyclopen- 
tadienyl)(3.4-diethylcyclopentadienyl)hafnlumdichloride, dimethylsilylene(cyclopentadienyi)(triethylcyclopenta- 
dienyl)hafniumdichloride. dimethylsllylene(cyclopentadienyl)(tetraethylcyclopentadieny!)hafniumdichloride 
dimethylsilylene(cyclopentadienyl)(fluorenyl)hafniumdichloride. dimethylsilylene(cyclopentadienyl)(2.7-di-t- 
butylfluoreny!)hafniumdich!orlde, dimethylsilylene(cyclopentadienyl)(octahydrofluorenyl)hafniurTKlichloride, 
dimethiylsilylene(2-methylcyclopentadienyl)(fluorenyl)hafniumd{chloride, dimethylsilylene(2,5-dimethylcy- 
clopentadlenyl)(fluorenyl)hafniumdichforide. dimethylsily!ene(2-ethylcyclopentadienyl)(fluorenyl)hafnium- 
dichloride. dimethytsilylene(2,5-diethytcyctopentadienyl)(fluorenyi)hatniurTHJichlori^ d>ethyisilylene(2' 
methy!cyclopentadienyl)(2\7'-di-t-butylfluorenyl)hafniunrdlchloride, dimethylsilylene(2.5-dimethylcyclopentadi- 
enyl)(2\7<li-t-butylfluorenyl)hafniurndichloride, dimethylsilylene(2-ethylcyclopentadienyl)(2',7'-di-t-butytfluore- 
nyOhafnlumdichloride, dimethylsiiy!ene(diethylcyclopentadienyi)(2,7<ii-t-butylfluorenyl)hafniuiTKli^^ 
dimetlTylsilylene{methylcyc!opentadlenyl)(octahydrdluorenyl)hafniumdichb dimetbylsilylene(dimethylcy- 
clopentadienyl)(octahydrofluorenyl)hafniumdichioride. dimethylsilytene(ethylcyclopentadienyi)(octahydroflu- 
orenyl)hafniumdichloride. dimethylsilylene(diethylcyclopentadienyl)(octahydrofluorenyl)hafnjurndichloh^ etc. 

(4) Transition metal cx)mpounds having two conjugated. 5-membered cyclic iigands. in which the two ligands 
are crosslinked with a germanium-, aluminium-, boron-, phosphorus- or nitrogen-containing hydrocarbon 
group, such as dimethylgermylenebis(indenyi)titaniumdichlorlde, dlmethylgermylene(cyclopentadienyl)(f luore- 
nyl)titaniumdichloride, methylalumylenebis(indenyl)titaniumdichloride, phenylalumylenebis(indenyl)titanium- 
dichloride, phenylphosphylenebis(indenyl)titaniumdichloride, ethylborylenebis(indenyl)titaniumdichloride, 
phenylaminylenebis(indenyl)titaniumdichloride, phenylalumylene(cydopentadienyl)(fluorenyl)titaniumdichlo- 
ride, dimethylgermylenebis(indenyl)zirconiumdichioride, dimethylgermylene(cyciopentadienyl)(fluorenyi)zirco- 
niunridichloride. methylalurnylenebis(indenyl)ztrconiurndichloride.phenylaminyienebis(lndenyl)zirconium 
dichloride. phenylphosphylenebis(indenyl)zirconiumdichloride, ethylborylenebis(indenyl)zirconiumdichloride, 
phenylaminylenebis(indenyl)zirconiumdichloride, phenylaminylene(cyclopentadienyl)(fluorenyl)zirconium- 
dichloride,dimethylgernriylenebis(indenyl)hafnium dichloride, dimethylgermylene(cyclopentadienyl)(fluore- 
nyl)hafniumdichloride. methylalumylenebis(indenyl)hafniunrKlichloride. phenyiaminyienebis(lndenyl)- 
hafniumdichloride. phenylphosphylenebis(indenyl)hafnlumdichlorlde, ethylborytenebis(indenyl)hafniumdichlo- 
rlde, phenylaminylenebis(lndenyl)hafniumdichloride, phenylaminylene(cyclopentadienyl)(ftuorenyl}hafnium- 
dichloride, etc. 

(5) Transition metal compounds having one conjugated, 5-membered cyclic ligand, such as perrtamethylcy- 
clopentadienyl(diphenylamino)titaniunndichtoride, indenyl(diphenylamino)titaniumdlchloride. pentamethytcy- 
clopentadienylbis(trimethylsilyl)aminotitanlumdichioride. pentamethylcyclopentadienyiphenoxytrtanium- 
dichloride, dimethylsilylene(tetramethylcyclopentadienyl)-t-butylaminotitaniumdichloride, dimethylsi- 
lylene(tetramethylcycloperttadienyl)phenytaminotitaniumdichloride. dimethyisilylene(tetrahydroinde- 
nyl)decyiaminotitaniunxlichloride, dimethylsilylene(tetrahydroindenyl)[bis(trimethylsilyl}amino]- 
titaniumdichloride. dimethylgermytene(tetramethylcyclopentadienyl)phenylamlnotitaniumdichloride, pentame- 
thylcyclopentadienyltitaniumtrimethoxide, pentamethylcydopentadienyltitaniumtrichloride, pentamethylcy- 
dopentadienyl-bis(phenyl)aminozirconiumdichloride. indenyl-bis(phenyl)aminozirconiumdichlorlde, 
pentamethytcyclopentadienylbis(trimethylsiiyl}aminozircontunrtdichloride. pentamethylcydopentadlenyl- 
phenoxyzirconiumdichloride. dlmethylsilylene(tetramethylcyclopentadienyl)-t-butylaminozirconiumdichlorlde. 
dimethy[silylene(tetramethylcyclopentadienyl)phenylaminozirconiumdichloride, dimethylsilylene(tetrahydroin- 
denyl)decylaminozirconiumdichloride. dimethylsilylene(tetrahydroindenyl)[bis(trlmethylsilyl)amino)zirconium- 
dichloride. dimethylgermylene(tetramethylcyclopentadienyl)phenylaminozirconiumdichloride, 
pentamethylcyclopentadienylzirconiumtrimethoxide. pentamethylcydopentadlenylzirconiumtrichioride, pen- 
tamethylcyclopentadienyl-bis(phenyl)aminohafniumdichloride. indenyl-bis(phenyt)aminohafniumdichloride, 
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pentamethylcydopentadienylbis(trimethyisilyl)aminohafniumdichloride f^'f'^SSSS' 
phenoxyhaUmcLhloride. dimethylsilylene(tetramethylcyclopentad.eny^^ 
Lethylsilylene(tetramethylcyclopentadienyl)phenylam,noh^^^^^^ '''^^'°"2^JZZJj2^^^^^^^ 
denyndecylaminohafniumdichioride. dimethylsilylene(tetrahydroindenyl)[bis(trimeth)^silyOamim^^^^ 
SoSe dimethylgermytene(tetmmethy.cydopentadienyl)phenylam.rK*^^^^ 
' pStemeWoperrtadienylhafniumtrj^^^^ pentamethylcydopentadienylhafmum tfchlonde eta 

(6) Transition metal compounds having two conjugated, 5-membered cyclic iigands in which the "gands are 
Sur^tsslinked. such' as (1.V-dimethylsilylene)(2.2MsopropWWene)^^^^^^ 
ride (1.r<iimethyisilyiene){2.2-<limethyisilylene)bis(cyclopentadienyl)trtaniumd.d^lwi^^^ 
ytne)(k2MsopropJlJne)bis(cyclopemadieny.)dimethy.te^^^^^ ,^ ^.^^J^^^^^^^^,-. 
isopropylidene)bis(cyclopentadienyl)dibenzyltitanium, (1 . l 

SScvclopernadienyObis(trimethylsilyl)titanium. (i.r-dimethylsllylene)(2.2-.sopropyl.dene b^cyctopen- 
M 1 -KihriethvlsllyleneWa 2--ethylene)bis(indenyl)titanlumdlchloride. (1,1 -ethylene)(2,2 -^"".ettV^^'y'®"^ 

(1.V<fimihylslly.ene)(2.2Msopropylldene)bls(cyclopentad.enyl)^^^^^ 
UneX2,2--dimethy.s..ylene)bis(cyclopentadieny.)zircon.u 

rSSMSconum. (1.r<limethylsllylene)(2.2Msopropylidene)bis(cyclopentad.en^^^^ 
SSium a2-KJimethylsilylene)(2,r-ethylene)bis(lndenyl)zircon.umd.c^^^^^^^^ 1.1- 

2XSene)(2.2Vethylene)b.s(indenyOzirconiumd^^^^^ 
n^'Sr^r^LUclride, (I.V-^^^^^^ 

d!:;e.hylsi.ylene)(2.2Msopropylidene)bis(cyc|open^^^^^^ 'Tlti Jm«C^^^^ 
dimethvlsilvlene)bis(cyclopentadienyl)hafniumdichlonde. (1.1 -dimethyiaiyienen^,^ ZZl^^, 

SSclopentedUodimethyli^^^^^ ^^■'^•^"'^^^'^'^^^^^^■^''^^^^^^ 
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enyl)dibenzyihafnium . 
bis(trimethylsilyl)hafnium 



)hafnium.(1,1-dimethylsilylenei(2,2Msopropylidene)bis(cyclopentadienyr)bi 

?8) a the compounds of (1) to (7). the transition metal compounds having one conjugated. 5-membered cyclic 
liind of (5) are especially preferably employed in producing styrenic polymers. 

(II) AS specific examples of the transition metal compounds of formula (11-5). mentioned are the following com- 

'""'Sra-n-butoxvtitanium telra-i-propoxytitanium. tetraphenoxytitanium. tetracresoxytitanium tetrachlorottte- 

nium lLk?^dXTar^ro)titenrun? t^abmmottenium. as well as their derivatives as produced by subst,tut.ng 

Te^larm So^^^^^^^^^ with zirconium or hafnium. ^^r^^ZTT^ ' 

are alkoxvtitanium compounds, alkoxyzirconium compounds, and alkoxyhafnium compounds^ 

7m tSSsiUo^^l compoundVof formula (11-6). represents a transition metal of G^o")^ ^ 10 oftiie 

P^riiiicTaS^ Concretely it includes iron, cobalt nickel, palladium, platinum, etc. Of those, preferred are nickel, 

Penodic TaWe- ^^^^ SSTTeoresent a coordination-bonding ligand bonding to the transition metal v.a a 

S;rorX7horusrom\hr^^^^^ 

^ AS mentioned hereinabove, and include, for example, a hydrogen atom, a 
. from 1 tn 90 oreferaWv from 1 to 10 caibon atoms, an alkoxy group having from 1 to 20, preferaoiy 

a boron compounaresiaue y y preferred are halogen atoms and hydrocarbon groups. and Y 

having halogens and J include triphenylphosphine, acetonitrile. ben- 

LTyro^nophCho^e et^^ I'. and ?^ may be bonded to each other to form a cydic structure. 
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[0066] Specific examples of the transition metal compounds of formula (11-6) include dibromobistriphenylphosphine 
nickei, dichlorothphenylphosphinenickel, dibromodiacetonitrilenickel, dibromodibenzonitrilenickel, dibromo(1 ,2-bis- 
diphenylphosphinoethane)nickel. dibromo(1.3-bisdlphenylphosphinopropane)nickel. dibromo(1,r-diphenylbisphos- 
phinofen'Ocene)nickel, dimethylbistriphenylphosphinenickel. dimethyl(1,2-bisdiphenylphosphinoethane)nlckel. 
methyl(1,2bisdiphenylphosphinoethano)nickeltetrafluoroborate, (2-diphenylphosphino-1-phenylethyleneoxy)phenylpy- 
ridinenickel, dichlorobistriphenylphosphinepalladium, dichlorodibenzonitrilepalladium, dichlorodiacetonltrllepalladium. 
dichloro(1,2-bisdiphenylphosphinoethane)palladium. bistriphenylphosphinopalladiumbistetrafluoroborate, bis(2,2'- 
bipyridino)methyliron tetrafluoroborateetherate, as well as the fbllowing compounds. 




wherein Me indicates a methyl group. 

[0067] Of those, preferred are cationic complexes such as methyl(1,2-blsdiphenylphosphinoethano)nickel 
tetrafluoroborate, bistriphenylphosphinopalladium bistetrafluoroborate. and bis(2.2'-bipyridino)methyllrontetrafluorobo- 
rate etherate. as well as the compounds represented hereinabove by their structural formulae. 
[0068] As the component (a) in the catalyst of the invention, one or more transition metal compounds noted above 
may be used either singly or as combined. 

(b) Wiater-swetlable clay: 

[0069] Water-swellable clay which is used as the starting material in preparing the catalyst of the invention includes 
clay, clay minerals and ion-exchanging layered conpounds of the following (1) to (4), and they are capable of absorbing 
a large amount of water to swell. Depending on their swelling degree which is the index of their swellability and which 
is obtained by dividing the maximum amount of water that a dry sample of them has absorbed to swell by the mass of 
the sample, suitable ones may be selected from them for use herein. 

(1) Clay and clay minerals: 

Clay or day minerals may be used as the component (b). Clay is an aggregate of fine hydrous silicate minerals. 
It is plastic when kneaded with a suitable amount of water, and is rigid when dried. When baked at high tempera- 
tures, it is sintered. Clay minerals are hydrous silicates which are the essential components constituting clay. 

These are not limited to only natural ones, but synthetic products of those substances are employable herein. 

(2) Ion-exchanging layered conpounds: 

As the component (b), also usable are ion-exchanging layered compounds, which are characterized by the 
crystal structure of such that a plurality of crystal planes formed through ionic bonding or the like are laminated in 
parallel layers via weak bonding force between the adjacent layers, and in which the ions are exchangeable. Some 
clay minerals are ion-exchanging layered compounds. 

For example, phyllosilicic acid compounds belong to clay minerals. Phyllosilicic acid compounds include phyl- 
losilicic acid and phyllosilicates. As natural phyllosilicates, known are mbntmorillonite. saponite and hectorite of the 
smectite family; iliite and sericite of the mica family; and mixed layer minerals of smectites and micas, or those of 
micas and vermlculites. 

As synthetic products, known are f luoro-tetrasilicon mica, laponite, smectone, etc. 
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Also mentioned are ion-exchanging compounds having a layered crystal structure, such as a-Zr(HP04)2. r 

erally felling between 30 and 50 (ml/2 g). 
(c)Silane compounds: 

n-hexylsilyldichloride^ '^„tSSr^^^^^^ ^^'^ ^ alKylsHyltrichlorides 

phenethylsllyldichloride, diphenyteilyldichloride. dJd Jllsilvltrichloride. phenylsilyltrichloride, 

such as methylsilyltrichlorlde. ethylsilyltrlchlorde -sopropyls.ty^^^^ 

rosilane. etc. Of the s.lane compounds case may be how^^er. two or more of 

pounds of a general formula (11-7): 
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B\/K\{OR'\X^.^., (11-7) 

wheretn R and - each represent an alkyi group having from 1 to 8, preferably from 1 to4cartx>natoms; X represents 
a hycrogen atom ot a halogen atom; 0 < m ^ 3; and 0 ^ n < 3. 

[0074] In <Df rrojia (11-7) m is preferably 2 or 3, and most preferably 3. In the same, n is preferably 0 or 1. 
[0075] Also pi efef f ed are alkyl-having magnesium compounds of a general formula (11-8): 

R®2Mg (11-8) 
wherein R ' has the same meaning as in formula (11-7). and alkyl-having zinc compounds of a general formula (11-9): 

R^2Zn (11-9) 
wherein R^* hits trn* same meaning as in formula (11-7). 

[0076] Sp^-crfic v*ciftv*es of the organic metal compounds with a metal of Groip 1 , 2, 13 or 14 of the Periodic Table 
include tuaiKyWtkjnurtiunib iuch as trimethylaluminium, triethylaluminium, tri-n-propylaluminium, triisopropylaluminium, 
tri-n-butylaii*T»n«um. tr«sotoutytalumlnium, tri-t-butytaluminium, etc.; dialkylaluminium halides such as dimethylalumini- 
umchloride dtetr>i«ltrfnirHLimchk>ride, di-n-propylaiumlniumchlorlde. dlisopropylaluminiumchloride. dl-n-butylalumini- 
umchloride dnc.otx4yia»ufr»r^umchlorlde. di-t-butylaluminlumchloride. etc.; dialkylaluminium alkoxides such as 
dimethytalurm^icrrimethoKide. dtmethyialumlnlumethoxide, etc.; dialkylaluminium hydrides such as dimethylaluminium 
hydride, diethytaiunrmtfnhydrKje. diisobutylaluminium hydride, etc. They further include dialkylmagnesiums such as 
dimethyimagnesmm. d«ethytn\agnesium, di-n-propylmagnesium. diisopropylmagnesium, dibutylmagnesium, butylethyl- 
magnesium. etc and oiaiKylzinos such as dimethylzinc, diethylzinc, ethyl-n-propylzinc, diisopropylzinc, etc. Of those 
compounds, pr <»f^r«l are trialkytaluminiums and dialkylaluminium monohalides. 

[0077] As the cornponent (d). further usable are linear alumoxanes of the fbllcwing general formula (11-10). cyclic 
alumoxanes of the ftofiownng general formula (11-1 1), and their mixtures. 




(11-10) 



(11-11) 



wherein ^ represents an alkyI group having from 1 to 20 carbon atoms, and plural 's may be the same or different; 
L represents an integer of from 2 to 40; and N represents an integer of from 1 to 50. 

[0078] In formulae (11-10) and (11-1 1 ). the alkyI group having from 1 to 20 carbon atoms for R^ ^ is preferably one hav- 
ing from 1 to 8 carbon atoms. More preferred are a methyl group, an ethyl group, an n-propyl group, an i-propyl group. 
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and all types of butyl groups. In those. L preferably falls between 2 and 30. Examples of those alumoxanes are methy- 
lalumoxane, ethylalutnoxane. Isobutylalumoxane. etc. 

100791 The component (d) may be contacted wfth the other constituent components to prepare the catalyst of the 
Lent on. For example, the component (d) may be previously contacted with any of the transition -"etal conpound or 
: he component (a) and the silane compound-processed clay for the component (b) before the components J) ard (b) 
are So J^^irethe catalyst, Pre-Lting the components (a) and (b) with the component (d) ^"Vr^^J^^.^^^^ ' 
olthe intend«l^talyst for olefin polymerization. Mernativeiy. after the components (a) and (b) are contacted wrth each 
other the resulting mixture may be further contacted with the component (d). 

lOmO] If desired, the component (d) nay be added to the system of olefin polymerization .n wh.ch .s used the cata- 
10 yst having been or not having been contacted with the component (d) . In that manner, the catalyst ^e-ng Present .n the 
DSZrization system may be contacted with the component (d) in situ in the polymerization system. Adding the com- 
(?n.e^^Tr^ation system is favoraWe. as the component (d) attenuates the action of impunt.es that may 
exist in the polymerization system and may have some negative influences on the olefin polymenzation. 

»5 2. Method for preparing catalyst: 

roOSI 1 For prepari ng the catalyst for olefin polymerization of the invention, the constituent components noted above 
'Zbe conSLedtith Lh other, for example'accordi^ 

tZ^e steps after the treatment of water-swellable day with a silane compound are all effected in an inert gas atmos- 
^ ro^ Rret.water-a«ellabledayforthecomponent(b)isaddedtowaterofwhichtheamourtisenoughtoprepar^ 
aqueous clay colloid, preferably at least 40 times by weight the clay to prepare aqueous clay cojoid _ 
Sai Next a silane compound for the component (c) is added to the resulting aqueous day «)"o«d. and strred 
Eheat bTwhich the clayTs treated with the silane compound. The temperature for the treatment -y^V ^J' J^l^ 
S^id loVc in oreler to shorten the time for catalyst preparation, it is desir 

is 1 Si or so. Though varying depending 0^ 

for the treatment, the treatment time may fall between 30 minutes and 10 hours. h«h««,n o ooi and ' 

rQ0841 The amount of the silane compound to be used herein for the component (c) may fall between 0.001 and 
^Lls.^ efer^ytUen 0.01 andToo mol^ ^ 

water-swe lS)le day to be treated therewith. If the amount of the silane compound used is smaller than 0^01 r^s, the 
Sm^ztton aSrty of the catalyst to be produced will be low; and If larger than 1000 mols. the act^ty will also be 

'lS^5] Through the treatment with a silane compound, the aqueous day colloid <*,anges irrto a ^^^^^"^^ 
slurry The resulting clay slurry is again washed with water, and then filtered. The residue is dned to be a *y so^id^ 
[Si T?L resulting silane compound-processed day. optionally added is the component (d). The ^"^^^^^ 
SSnent (d) may fall between 0.1 and 1000 mols. prefembly between 1 and 100 mols 'V/^"^^^/ ^^J^^^^^ 
metS atom in he component (d). relative to one kg of the silane compound-processed day. If its amount is smaHer than 
0 f mo^He comSnent (d) added could not satisfactorily exhibit its effed to improve the polymenzatK)n adivity of me 
pr^^S^but Jlen if larger than 1000 mols. the effect of the component (d) added could "Ot be augmemed 

^ JSre. For the treatment of contading the silane compound-processed <'^y 
eISl>loyedisamethod of suspending or dissolving the t««componems In an organic solvert^^^ 

tane hexane, heptane, toluene, xylene or the like, in which the two are mixed. 

Next the silane compound-processed clay having been prepared in the manner noted above is corrtacted 
S^rtran^S'mSal compound for the component (a). For this, it is desirable mat '^^^^^^'^^ °' ^f^'^Z^^ 
Z^^jund to be used falls between 0.0001 and 0.5 mols. preferably between 0.001 and 0.2 mols .n terms of he t an- 
sSTmeta. atom in the compound, relative to one kg of the silane compound-processed clay. « amo"^^^^^^ 
sition metal compound added is smaller than 0.0001 mols, the polymerization activrty o the catalyst produced will be 
low but if larger than 0.5 mols, the activity of the catalyst per the transition metal will be low. 

^ vSiile or after the constituent components are contacted with each other to prepare the '"^^^^^ 
polymer such as polyethylene, polypropylene, polystyrene or the like, and even a solid inorganic oxide sud, as silica, 
alumina or the like may be present in or may be added to the mixture for the catalyst. 

3. Production of olefin polymers and styrene polymers: 

[0089] Olefin polymers can be produced by homopolymerizing or copolymerizing olefins P-'f^^J^^"' 
alyst for olefin polymerization noted above of the invention. Styrene polymers can also be produced by hom°PoJ^^^«^ 
fzirra or copolymerizing styrene compounds in the presence of the catalyst. The copolymenzation indudes 
S^olyJ^eSSon S two or more different types of olefins, copolymerization of two or more different types of styrene 
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compounds, and copolymerization of styrene compounds and olefins, by which are produced copolymers. 

(1) Olefins: 

[0090] Olefins for use In the invention include, for example, a-olefins such as ethylene, propylene, 1 -butene. 1 -pen- 
tene, 1-hexene. 1-heptene, 1-octene. 1-nonene, 1-decene, 4-phenyl-1 -butene, 6-phenyl-1-hexene. 3-methyl-1 -butene, 
4-methyl-1 -butene. 3-methyl-1-pentene, 4-methyl- 1-hexene, 5-methyl-1-hexene, 3,3-dimethyf-1-pentene, 3.4-dimethyl- 
1-pentene, 4,4-dimethyl-1 -pentene, vinyl cyclohexane, etc.; dienes such as 1 ,3-butadiene. 1 ,4-butadiene, 1,5-hexadi- 
ene, etc.; halogen-substituted a-oleflns such as hexafluoropropene, tetrafluoroethylene, 2-fluoropropene, fluoroethyl- 
ene. 1,1-difluoroethylens. 3-fluoropropene, trrfluoroethylene, 3,4 - dichloro-1 -butene, etc.; cyclic olefins such as 
cyclopentene, cyclohexene, norbornene, 5-methylnorbornene. 5-ethylnorbornene. 5-propylnorbornene, 5,6-dimethyl- 
nortx)rnene, 5-benzylnort)ornene. etc. Styrene monomers for use in the Invention include, for example, styrene; alkyl- 
styrenes such as p-methylstyrene, p-ethylstyrene. p-propylstyrene, p-isopropylstyrene. p-butylstyrene. p-t-butylstyrene, 
p-phenylstyrene, o-methylstyrene, o-ethylstyrene. o-propylstyrene, o-lsopropylstyrene, m-methylstyrene, m-ethylsty- 
rene, m-isopropylstyrene, m-butylstyrene. mesitylstyrene, 2,4-dimethylstyrene. 2,5-dimethylstyrene, 3,5-dimethylsty- 
rene, etc.; alkoxystyrenes such as p-methoxystyrene, o-methoxystyrene, m-methoxystyrene, etc., halogenostyrenes 
suchasp-chlorostyrene, m-chlorostyrene, o-chlorostyrene. p-bromostyrene. m-bromostyrene, o-bromostyrene, p-fluor- 
ostyrene, m-fluorostyrene, o-fluorostyrene, o-methyl-p-fluorostyrene, etc.; as well as trimethylsiiyistyrene, vinylben- 
zoates, divinylbenzene, etc. 

(2) Polymerization conditions: 

[0091] The polymerization may be effected in the absence or presence of a solvent. The solvent may include, for 
example, hydrocarbons such as butane, pentane. hexane. toluene, cyclohexane, etc. : and liquefied a-olefins. The tem- 
perature for the polymerization may fall between •50''C and 250''C. The pressure for it is not specifically defined, but 
preferably falls between normal pressure and 2000 kgf/cm^. Hydrogen may be present in the polymerization system, 
which serves as a molecular weight-controlling agent. 

(3) Styrene polymers: 

[0092] Styrene polymers having a high-degree syndiotactic structure in the styrene chain moiety may be produced 
in the method of using the catalyst of the invention. The high-degree syndiotactic structure referred to herein for the sty- 
rene chain moiety in the styrene polymers produced is meant to indicate that the stereochemical structure of the stry- 
ene polymers has a high degree of syndiotacticity. in which the side chains of phenyl groups or substituted phenyl 
groups are positioned alternately in the opposite sites relative to the main chain composed of carbon-carbon bonds. 
The degree of tacticity of the polymers may be determined through nudear magnetic resonance with an isotopic cartx)n 
(^^C-NMR). The degree of tacticity to be determined through this method is represented by the ratio of continuous plural 
constituent units existing in polymers. For example, diad indicates 2 units; triad indicates 3 units; and pentad indicates 
5 units. The "styrene polymers having a syndiotactic structure" as referred to herein are meant to indicate polystyrenes 
having a degree of syndiotacticity of such that the racemidiad proportion is not smaller than 75 %. preferably not smaller 
than 85 %. or the racemipentad proportion is not smaller than 30 %. preferably not smaller than 50 %, as well as their 
mixtures, and copolymers consisting essentially of such polystyrenes. 

Third Aspect of the Invention: 

1 . Constituent components for olefin polymerization catalyst: 

[0093] The catalyst for olefin polymerization of the third aspect of the invention (this will be simply referred to as "the 
invention" in this section) is prepared by contacting (a) a transition metal compound with a silane compound-processed 
clay. The silane compound-processed clay is prepared by contacting (b) a clay material with (c) a silane compound of 
formula (II 1-1) and which gives absorption peaks in a range falling between 1090 and 1050 cm'^ and/or in a range falling 
between 1015 and 995 cm'^ in infrared absorption spectrometry Optionally, (d) an organic metal compound with a 
metal of Groups 1.2, 13 and 14 of the Periodic Table may be added to the catalyst. Constituent components that are 
favorably used for preparing The catalyst are mentioned below. 

(a) Transition metal compounds: 

[0094] For the transition metal compounds for the component (a) herein, referred to are those mentioned herein- 
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above in the section of tne second aspect of The invention. 



(b) Clay matefials 
[0095] 



(1) Clay and day mmerals. 

Clay a day minerals may be used as the component (b). Clay is an aggregate of fine hydrous silicate minerals. 
It is plastic when kneaded with a suitable amount of water, and is rigid when dried. When baked at high tempera- 
tures. It IS sintered Clay minerals are hydrous silicates which are the essential components constituting day. 

These are not limited to only natural ones, but synthetic products of those substances are employable herein. 

(2) lon-excnar>gfr»g layered compounds: 

As the cofTvonem (b). also usable are ion-exchanging layered compounds, which are characterized by the 
crystal structure of such that a plurality of crystal planes formed through ionic bonding or the like are laminated In 
parallel layi?rs vw bonding force between the adjacent layers, and in which the ions are exchangeable. Some 
clay miner ah» are »on-tf»changing layered compounds. 

For exarrpic p^yHosifcac acid compounds belong to day minerals. Phyllosilidc acid compounds indude phyl- 
losilicic aad and p^yttosilicates As natural phyllosilicates. known are monlmorillonite. saponite and hectorite of the 
smectrte larm^y . «ite and senate of ti .e mica family; and mixed layer minerals of smectites and micas, or those of 
micas arxl ver micwfaies 

As syntnetic products, known are fluoro-tetrasilicon mica, laponlte, smectone. etc. 

Also mentioned are on-exchanging compounds having a layered crystal strudure. such as a-Zr(HP04)2. r 
2r(HP04)2. u -Ti<Hf>04>2. rTKHP04)2, etc These are not clay minerals. 

Exanples of day and day minerals which do not belong to ion-exchanging layered compounds and which are 
usable as the conponent (b) include clay having a low montmorillonite content and referred to as bentonite; kibushi 
clay corrprising montmorillonite and many other components: galrome clay; sepidite and palygorsklte having a 
fibrous morphology, and anxHphous or low-crystalline allophane. imogolite. etc. 

The conponent (b) is contaded with the silane compound (c) and optionally the alkylating agent (d). and It is 
desirable thai day. day minerals and ion-exchanging layered compounds for the component (b) are chemically 
treated for the purpose of removing impurities from them or for modifying their strudures and functions. 

The chenwcal treatment referred to herein indicates both the surface treatment to remove impurities from sur- 
faces and the treatment to modify the crystal structure of day. Concretely, it indudes acid treatment, alkali treat- 
ment, salt treatment, organic treatment, etc. 

The acid treatment is to remove impurities from surfaces, while releasing cations such as aluminium, iron, 
magnesium and the like from crystal strudures to thereby enlarge surface areas. The alkali treatment is to destroy 
the crystal structure of day. thereby modifying the strudure of clay. The salt treatment and the organic treatment 
are to form ionic complexes, molecular complexes, organic complexes, etc.. whereby surface areas and layer-to- 
layer spaces may be changed. Owing to their ion-exchanging ability, the interlayer exchangeable ions in the com- 
pounds may be exchanged with any other bulky ions to give layered substances having enlarged interlayer spaces. 

(3) The substances of the component (b) noted above may be directly used as they are. or. if desired, additional 
water may be adsort>ed onto them, or they may be heated and dehydrated prior to being used. 

(4) As the conponent (b). preferred are day and clay minerals in view of their adivity Most preferred are phyltosil- 
icic add compoi^te. of which smedite is desirable, and montmorillonite is more desirable. 



(c) Silane compourxls: 

[0096] As comprising a silane compound-processed day. the catalyst of the invention has higher adivity As the 
silane compounds for the component (c). preferred are those of formula (111-1) mentioned hereinabove. 
[0097] Silane compounds of formula (III-1) indude bis-silyl compounds. X4.nSi(CH2)mSiX4.n (where m is from 1 to 
10- and n is 1. 2 or 3) having plural Si's in the molecule, and also poly-nudear pdysiloxanes, polysilazanes, etc. The 
substituent R in formula (ill-1) includes an alkyi group, a phenyl group, a silyl group, and a hydride group, and is prefer- 
ably an alkyl group. The sdbstituent X therein indudes a halide. a hydroxide: an alkoxide and an amide, and is preferably 
a halide. 

[0098] Specific exarrples of the silane compounds indude trialkylsilylchlorides such as trimethylsilylchloride. tn- 
ethylsilylchloride. triisopropyisilylchloride, t-butyldimethylsilylchloride. t-butyldiphenylsilylchloride. phenethyldimethylsi- 
lylchloride. etc.; dialkylsiiyWichlorides such asdimethylsilyldichloride. diethylsilyldichloride. diisopropylsilyldichloride. di- 
n-hexylsilyldichlorlde. dcyclohexylsilyldichloride. docosylmethylsily! dichlorde. bis(phenethyl)silyldichloride. methyl- 
phenethylsilyldichloride. diphenylsilyldichloride, dimethylsilyWichloride. ditolylsilyldichloride. etc. 
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[0099] They further include other halides to be derived from the compounds noted above by substituting the chlo- 
ride moiety with any other halogens; disilazanes such as bis(trimethylsilyl)amide, bis(triethylsilyl)amide, bis(triisopro- 
pylsilyl)amide. bis(dimethylethylsilyl)amide, bis(diethylmethylsilyl)amide, bis(dimethy!phenylsilyl)am}de, 
bis(dimethyltolylsilyl)amide. bis(dimethylmesitylsllyl)amide, etc.; trialkylsilyl hydroxides such as trrmethylsilylhydroxide, 
triethylsilyl hydroxide, triisopropylsilylhydroxide, tertbutyldimethylsilylhydroxide. phenethyldimethytsilyl-hydroxide. etc.; 
polysiianols generally referred to as peralkylpolysiioxypolyols; bissllyls such as bjs(methyldichlorosilyl)methane. 1.2- 
bis(methylctichlorosilyl)ethane. bis(methyldlchlorosilyl)octane. bis(triethoxysilyl)ethane. etc.; and silane hydrides such 
as dimethylchlorosilane. {N,N-dimethylamino)dimethylsilane, diisobutylchlorosilane, etc. One of the silane compounds 
may be used as the component (c). As the case may be. however, two or more of the silane compounds may be used, 
as combined in any desired manner, (d) Organic metal compounds with a metal of Group 1 . 2, 13 or 14 of the Periodic 
Table: 

[0100] In the Invention, optionally used is an organic metal compound with a metal of Group 1,2, 13 or 14 of the 
Periodic Table, as the component (d) for the catalyst. For the organic metal compounds with a metal of Group 1,2, 13 
or 14 for the component (d) herein, referred to are those mentioned hereinabove In the section of the second aspect of 
the invention. 

[0101 1 Also for the method for contacting the component (d) with the other constituent components, referred to are 
those mentioned hereinabove in the section of the second aspect. 

2. Method for preparing catalyst: 

[0102] The catalyst of the Invention comprises a silane compound-processed clay giving specific absorption peaks 
in a specific range in infrared absorption spectrometry. For preparing the silane compound-processed clay, a layered 
compound as produced through intercalation of a clay material with a tertiary ammonium hydrochloride may be treated 
with a siiane compound, or a clay hydride as produced through acid pretreatment of a day material may be treated with 
a silane conrpound. The resulting, silane compound-processed clay gives absorption peaks in a range falling between 
1090 and 1050 cm ^ and/or in a range falling between 1015 and 995 cm"^ in infrared absorption spectrometry, with 
which the catalyst for olefin polymerization of the invention has high polymerization activity. 

[0103] For preparing the silane compound-processed day. a day material for tiie component (b) is first added to 
water to prepare aqueous clay colloid. Next, a silane conpound for the component (c) is added to tiie resulting aqueous 
clay colloid, arxj stirred under heat, by which the clay material is treated witii the silane compound. The temperature for 
the treatment may fall between -30 and 10O**C. In order to shorten the time for catalyst preparation, it is desirable that 
the temperature for the treatment is lOCG or so. Though varying depending on the type of the clay material to be 
treated and on the temperature for the treatment, the treatment time may fall between 0.5 and 24 hours. 
[0104] For producing tiie catalyst for olefin polymerization of the invention, a day material is treated with a silane 
compound for the component (c). preferably with that of forrrujia (ll!-1) noted above, thereby preparing the silane com- 
pound-processed clay that gives absorption peaks in a range falling between 1090 and 1050 cm"\ preferably between 
1090 and 1060 cm'\ and/or in a range falling between 1015 and 995 cm'^ in infrared absorption spectrometry Depend- 
ing on the type of the silane compound used for the clay treatment, for example, when a silane compound having an 
aliphatic atkyi group such as methyl and ethyl groups Is used for tiie treatment, obtained is a silane compound-proc- 
essed clay that gives absorption peaks in both the range between 1090 and 1050 cm'"" and the range between 1015 
and 995 cm^ an IR absorption spectrometry 

[0105] The absorption peaks seen in the infrared absorption spectrum of the thus-produced, silane compound- 
processed clay are not seen In that of the starting day material. Specifically, the absorption peaks are peculiar to tiie 
products as produced through contact treatment of a day material with a silane compound for the component (c) such 
as that mentioned hereinabove. 

[0106] The amount of the silane compound to be used herein for the component (c) may fall between 0.001 and 
1000 mols. preferably between 0.01 and 100 mols in terms of the silicon atom, relative to one kg of the clay material for 
the component (b) to be treated therewith. If the amount of the silane compound used is smaller tiian 0.001 mols, the 
polymerization activity of the catalyst to be produced will be low; and if larger than 1000 mols, the activity will also be 
low. 

[0107] Through the treatment with a silane compound, the aqueous day colloid changes Into a suspension of clay 
slurry The resulting clay slurry is again washed with water, and then filtered. The residue is dried to be a dry solid. 
[0108] To the resulting siiane compound-processed clay, optionally added is the conponent (d). The amount of the 
component (d) may fall between 0.1 and 1000 mols. preferably between 1 and 100 mole in terms of the constituent 
metal atom In the component (d). relative to one kg of the silane compound-processed clay. If its amount is smaller than 
0.1 mole, the component (d) added could not satisfactorily exhibit its effect to improve the polymerization activity of the 
catalyst produced; but even if larger tiian 1000 mole, tiie effect of the component (d) added could not be augmented 
any more. For the treatment of contacting the silane compound-processed day witii the component (d), preferably 
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employed is a method o1 suspending or dissolving the two components in an organic solvent such as. for example, pen- 
tane, hexane. heptane, toluene, xylene or the like, in which the two are mixed. 

[0109] Next, the silane compound-processed clay having been prepared in the manner noted above is contacted 
with a transition metal compound for the component (a). For this, it is desirable that the amount of the transition metal 
compound to be used falls between 0.0001 and 0,5 mols. preferably between 0.001 and 0.2 mols in terms of the tran- 
sition metal atom In the compound, relative to one kg of the silane compound-processed clay If the amount of the tran- 
sition metal compound added is smaller than 0.0001 mols. the polymerization activity of the catalyst produced wOl be 
low; but if larger than 0.5 mols. the activity of the catalyst per The transition metal will be low. 
[01101 While or after the constituent components are contacted with each other to prepare the intended catalyst, a 
polymer such as polyethylene, polypropylene, polystyrene or the like, and even a solid inorganic oxide such as silica, 
alumina or the like may be present in or may be added to the mixture for the catalyst. 



3. Production of olefin polymers: 

[Oil 1 ] Olefin polymers can be produced by homopolymerizing or copolymerizing olefins in the presence of the cat- 
alyst for olefin polymerization noted above of the invention. Olefins herein are meant to include a-olefins, dienes. cyclic 
olefins, and also styrene compounds; and olefin polymers are meant to include homopolymers and copolymers of a- 
olef ins, homopolymers and copolymers of styrene compounds, and even copolymers of a-olefins and styrene com- 
pounds. As oomonomers for producing styrene copolymers, usable are various unsaturated compounds generally used 
as comonomers for styrene polymerization. For example. They include unsaturated carboxylic acids, unsaturated 
esters, etc. 



(1) Preferred monomers for polymerization: 

[01 12] As monomers for polymerization herein, for example, preferred are a-olefins such as ethylene, propylene. 1 - 
butene. 1-pentene. 1-hexene. 1-heptene. 1-octene. 1-nonene. 1-decene. 4-phenyl-1-butene, 6-phenyl-1-hexene. 3- 
methyl-1-butene. 4-methyl-1 -butene. 3-methyl-1-pentene. 4-methyl-1-hexene. 5-methyl- 1-hexene, 3.3-dimethyl-1-pen- 
tene 3.4-dimethyl-1-pentene. 4.4-dimethyl-1-pentene. vinylcyclohexane. etc.; dienes such as 1 .3-butadiene. 1.4-buta- 
diene. 1 .5-hexadiene, etc.; halogen-substituted a-defins such as hexafluoropropene. tetrafluoroethylene. 2- 
fluorci>ropene, fluoroethylene, 1,1-difluoroethylene, 3-fluoropropene. trifluoroethylene, 3,4-dichloro-1 -butene, etc.; 
cyclic olefins such as cyclopentene, cyclohexene. norbornene. 5-methylnorbornene. 5-ethylnorbornene, 5-propylnor- 
bornene 5 6-dimethylnorbornene. 5-benzylnorbornene, etc. Styrene monomers are also preferred, including, for exam- 
ple, styrene; alkylstyrenes such as p-methylstyrene. p-ethylstyrene. p-propylstyrene. p-isopropylstyrene. p- 
butylstyrene. p-t-butylslyrene. p-phenylstyrene. o-methylstyrene. o-ethylstyrene. o-propylstyrene. o-isopropylstyrene, 
m-methylstyrene. m-ethylstyrene. m-isopropylstyrene. m-butylstyrene. mesitylstyrene. 2.4-dimethylstyrene. 2.5-dimeth- 
ylstyrene. 3.5-dimethylstyrene. etc.; alkoxystyrenes such as p-methoxystyrene. o-methoxystyrene, m-methoxystyrene. 
etc • halogenostyrenes such as p-chlorostyrene, m-chlorostyrene. o-chlorostyrene. p-bromostyrene, m-bromostyrene, 
o-bromostyrene. p-fluorostyrene. m-fluorostyrene. o-fluorostyrene, o-methyl-p-fluorostyrene. etc.; as well as trimethyl- 
silylstyrene. vinylbenzoates, divinylbenzene. etc. 



(2) Polymerization conditions: 

[0113] The polymerization may be effected in the absence or presence of a solvent. The solvent may include, for 
example, hydrocarbons such as butane, pentane, hexane. toluene, cyclohexane. etc.; and liquefied a-olefins. The tem- 
perature for the polymerization may fall between -50°C and 250°C. The pressure for it is not specifically defined, but 
preferably falls between normal pressure and 2000 kgf/cm^. Hydrogen may be present in the polymerization system, 
which serves as a molecular weight-controlling agent. 

(3) Styrene polymers: 

[01 1 4] Styrene polymers having a high-degree syndiotactic structure in the styrene chain moiety may be produced 
in the method of using the catalyst of the invention. The high-degree syndiotactic structure referred to herein for the sty- 
rene chain moiety in the styrene polymers produced is meant to indicate that the stereochemical structure of the stry- 
ene polymers has a high degree of syndiotacticity. in which the side chains of phenyl groups or substituted phenyl 
groups are positioned alternately in the opposite sites relative to the main chain composed of carbon-carbon bonds. 
The degree of tacticity of the polymers may be determined through nuclear magnetic resonance with an isotopic carbon 
(^^C-NMR). The degree of tacticity to be determined through this method is represented by the ratio of continuous plural 
constituent units existing in polymers. For example, diad indicates 2 units; triad indicates 3 units; and pentad indicates 
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5 units. The "styrene polymers having a syndiotactic structure" as referred to herein are meant to indicate polystyrenes 
having a degree of syndiotacticity of such that the racemidiad proportion Is not smaller than 75 %. preferably not smaller 
than 85 %, or the racemipentad proportion is not smaller than 30 %, preferably not smaller than 50 %. as well as their 
mixtures, and copolymers consisting essentially of such polystyrenes. 
5 [01 1 5] The invention is concretely described hereinunder with reference to the following Examples, which, however, 
are not intended to restrict the scope of the invention. 

First Aspect of the Invention: 

10 Exanplel-1: 

(1) Chemical-treated clay A: 

[0116] 40 g of a commercial product of montmorillontte (Kunipia F, manufactured by Kunimine Industry Co.) was 
15 ground In a grinder for 4 hours. 20 g of the powdered montmorlllonite was put Into a three-neck separable flask having 
a capacity of 500 ml, and dispersed in 100 ml of debnized water containing 20 g of magnesium chloride 6-hydrate dis- 
solved therein. This was stirred at 90°C for 0.5 hours. After having been thus processed, the solid residue was washed 
with water. The treatment with magnesium chloride followed by washing with water was repeated once again. Thus was 
obtained magnesium chloride-processed montmorlllonite. Next, this was dispersed in 1 60 ml of an aqueous solution of 
20 6 % HQ. and stirred under reflux for 2 hours. After having been thus processed, this was washed with water through 
repeated filtration until the filtration wash became neutral, and then dried. The resulting clay slurry was filtered under 
pressure. 

[01 1 7] The residue was dried in vacuum at room temperature for 1 8 hours. Thus was obtained a chemical-treated 
clay A. 

25 [01 1 8] The water content of the chemical-treated day A was 1 5 %. To determine its water content, a dry sample of 
the chemical-treated clay A was put into a muffle, furnace, heated up to 150**C over a period of 30 minutes, and kept at 
the temperature for 1 hours, and tfie weight loss in the sample was measured. The weight loss thus measured indicates 
the water content of the sample. 

30 (2) Modification with sllane compound: 

[0119] 1 .0 g of the chemical-treated clay A (having a water content of 15 % by weight) and 50 ml of distilled water 
were put Into a three-neck flask having a capacity of 300 ml. and mixed to prepare clay slurry. With stirring the clay 
slurry. 1 .13 g (5.2 mmols) of methylphenethylsllyl dIcNoride was gradually and dropwise added thereto over a period of 

35 15 minutes. The mixture was furtiier stinted for 2 hours to prepare a slun-y of fine clay grains. With further stirring the 
slurry, water was evaporated away from it at room temperature under reduced pressure to obtain a silane-processed 
montmorillonite powder. 25 ml of toluene was added to the powder and stirred for 1 hour to prepare a suspension con- 
taining the powder. The solvent was evaporated away from the suspension at room temperature under reduced pres- 
sure. Next, the resulting powder was further treated with 25 ml of a toluene solution of 0.5 mol/liter of 

40 trilsobutylaluminlum, and washed. Then, the silane-processed day was suspended in 50 ml of toluene to prepare a clay 
slurry A. 

(3) Contact with transition metal compound: 

45 [0120] 50 ml of tiie clay slurry A that had been prepared previously, and 100 ^mols of zirconocene dichioride were 
put into a Schlenk's tube having a capacity of 300 ml at room temperature, and stirred for 0.5 hours at the temperature. 
After the reaction mixture was left static for a while, the supernatant was removed from it. and the remaining residue 
was washed twice with 200 ml of toluene. Toluene was again added to the thus-washed residue to prepare a catalyst 
slurry of being 50 ml In volume. 

50 

(4) Polymerization of ethylene: 

[0121] 400 ml of toluene. 0.5 mmols of triisobutylalumlnium, and 5 ml (corresporxJing to 0.1 g of the solid clay) of 
the catalyst slurry that had been prepared in the previous step (3) were put into a 1 .6 liter autoclave in that order, and 
55 heated at 70°C. After this was kept at the tennperature for 5 minutes, ethylene was continuously fed thereinto to have a 
pressure of 5 kg/cm^G. and polymerized for 12 minutes. Next, methanol was added to this to stop the polymerization. 
[0122] The polymer thus produced was taken out through filtration, and dried at SO'^C under reduced pressure for 
12 hours. The polymer thus obtained weighed 61 .8 g. The polymerization activity per the catalyst used was 3090 g/g- 
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catalyst/hr. 
Example 1-2: 
5 (1 ) Chemical-treated clay B: 

[01231 A chemical-treated clay B was prepared in the same manner as in the step of preparing the che^^^^ 
clay A in this, however, after the clay slurry in the final stage was filtered under pressure. 20 ml erf distilled water was 
added'to the resulting filtrate, clay paste, and kneaded. Then, the resulting mixture was directly dried in vacuum at room 
10 temperature for 24 hours to obtain the chemical-treated clay B. The water content of the chemical-treated clay B was 
15%. 

(2) Moditication with silane compound: 

,5 [0124] 1 .0 g of the chemical-treated clay B (having a water content of 15 % by weight) and 50 ml of toluene were 
put into a Schlenk-s tube having a capacity of 300 ml to prepare clay slurry. With stirring the clay slurry. 1 .13 g (5^2 
mmols) of methylphenethylsilyl dichloride was gradually and dropwfee added thereto over a period of 15 minutes. The 
T^e was further stirri for 3 days in a nitrogen atmosphere at room temperature^Next. the resultng s^^^^ was 
treated with a toluene solution of triisobutylalumlnium. and washed. Toluene was added thereto to prepare a fine clay 

so slurry B. This had a total volume of 50 ml. 

(3) Contact wth transition metal connpound: 

101 251 This was effected in the same manner as in (3) in Example M . except that the clay slurry B was used herein. 

25 

(4) Polymerization of ethylene: 

101261 This was effected in the same manner as in (4) in Example 1-1. except that polymerization time w^^^ 
minutes In this, obtained was 56.6 g of a polymer. The polymerization activity per the catalyst used was 2260 g/g-cat- 
30 alyst/hr. 

Exannple 1-3: 

(1) Chemical-treated clay C: 

[01 27] A chemical-treated clay C was prepared in the same manner as in the step of preparing the ^he^'^^'f 
UAInthis. however, attertheclayslurry in thefinal stage wasfilteredunderpre^^^^^ 

in vacuum at room temperature for 72 hours to obtain the chemical-treated clay C. The water content of the chemical- 
treated clay C was 5 %. 

(2) Modification with silane compound: 

[01 28] This was effected in the same manner as in (2) in Example 1-2. except that the clay slurry C was used herein 
in place of the chemical-treated day B. Thus was prepared a silanei>rocessed clay slurry C. 

(3) Contact with transition metal compound: 

[01 29] This was effected in the same manner as in (3) in Example 1-2. except that the clay slurry C was used herein. 
so (4) Polymerization of ethylene: 

[0130] This was effected in the same manner as in (4) in Example 1-2. In this, obtained was 26.1 g of a polymer. 
The polymerization activity per the catalyst used was 1040 g/g-catalyst/hr. 

55 
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Example 1-4: 

(1) Contact with transition metal compound: 

5 [0131 1 50 ml of the clay slurry A and 1 ml of dimethylsilylenebls(2-methyl-4.5-benzindeny[)zirconlum dichloride (10 
fimols/ml) were put into a Schtenk's tube having a capacity of 300 ml at room temperature, and stirred for 0.5 hours at 
the temperature. Thus was prepared 51 ml of a catalyst slurry. 

(2) Polymerization of propylene: 

10 

[0132] 400 ml of toluene, 1 .0 mmol of triisobutylaluminium, and 5. 1 ml (corresponding to 0.1 g of the solid day) of 
the catalyst slurry that had been prepared in (1) in Example 1-4 were put into a 1 .6 titer autoclave, and heated at lO^C 
After this was kept at the temperature for 5 minutes, propylene was continuously fed thereinto to have a pressure of 5 
kg/cm^G, and polymerized for 20 minutes. Next, methanol was added to this to stop the polymerization. 
IS [0133] The polymer thus produced was taken out through filtration, and dried at SO^'C under reduced pressure for 
12 hours. The polymer thus obtained weighed 79.1 g. The polymerization activity per the catalyst used was 2370 g/g- 
catalyst/hr. The activity per zirconium in the complex used was 1 .3 tons/g-Zr/hr. 

Comparative Example 1-1 : 

20 

(1) Chemical-treated clay D: 

[01 34] A chemical-treated day D was prepared in the same manner as in the step of preparing the chemical-treated 
clay A. in this, however, after the clay slurry in the final stage was filtered under pressure, the resulting residue was dried 
25 at ISO^'C for 2 hours to obtain the chemical-treated clay D. The water content of the chemical-treated clay D was 0 %. 

(2) Modification with silane compound: 

[01 35] This was effected in the same manner as in (2) in Example 1-2, except that the clay slurry D was used herein 
30 in place of the chemical-treated clay B. Thus was prepared a silane-processed clay slurry D. 

(3) Contact with transition metal compound: 

[01 36] This was effected in the same manner as in (3) in Example 1-2, except that the clay slurry D was used herein. 
35 (4) Polymerization of ethylene: 

[0137] This was effected in the same manner as in (4) in Example 1-2. In this, obtained was 12.8 g of a polymer. 
The polymerization activity per the catalyst used was 510 g/g-catalyst/hr. 

Second Aspect of the Invention: 

40 

Example 11-1 : 

(1) Preparation of silane-processed clay slurry A: 

45 [0138] 500 ml of distilled water was put into a three-neck flask having a capacity of 2 liters. With stirring it. 2.5 g of 
Na-montmorillonite (Kunipia F from Kunimine Industry) was gradually added thereto. The ratio, water (ml)/day (g) was 
200. Next, the resulting mixture was stirred at room temperature for 2 hours to prepare aqueous day colloid. 
[0139] To the aqueous day colloid, gradually and dropwise added was 1 ml of phenethylmethytdichlorosilane. The 
resulting mixture was stirred at room temperature for 1 hour, then heated up to lOO^'C, and further stirred at the tenrper- 

50 ature for 4 hours. After having been thus stirred, the clay colloid changed to day slurry. 

[0140] Next. 500 ml of distilled water was added to the clay slurry, and then filtered in a pressure container, for 
which was used a membrane filter having a pore size of 1 |im with an aerial pressure of 1 kg/cm^G being applied 
thereto. The filtration took 10 minutes. 

[0141 ] Next, the resulting solid residue was dried at room temperature. One g of the dry solid was suspended in 25 
55 ml of toluene, to which was added 25 mi of a toluene solution of triisobutylaluminium (having a concentration of 0.5 
mols/liter) , and stirred at 1 0O^'C for 1 hour. The resulting slurry was washed with toluene, and toluene was added thereto 
to be 50 ml in total. Thus was prepared a silane-processed day slurry A. 
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(2) Preparation of catalyst for olefin polymerization: 

[01421 5ml of the silane-processed slurry A having been prepared In the previous step (1) was put into a Schlenk-s 
Se io whS was added 1 ml of a toluene solution of a transition metal complex, dicyctopentad.enylz.rcon.um dchto- 
5 rSdeS a concentration of 10 »m,ols/ml. and stirred at room temperature for 30 minutes to prepare a catalyst for 
polymerization. 

(3) Polymerization of ethylene; 

w r01431 400 ml of toluene, 0.5 mmols of triisobutylaluminium. and 5 ml (corresponding to 0.1 g of the solid clay) of 
thi c^talystTo? polymerization that had been prepared in the pre/ious step (2) were put into a l .6 Irter a^todave m h^ 
order a,I?heatS at 70°C After this was kept at the temperature for 5 minutes, ethylene was conttnuously fed there.nto 
S h Jve ^p^eSSe^f 5 k^cn^. and polymerized for 10 minutes. Next, methanol was added to thte fo stop the polym- 

,5 S^Sr The polymet thus produced was taken out through filtration, and dried at 90»C ""d«^J«^"^«^^^^^^^ 
12 hours. The polymer thus olrtained weighed 33.5 g. The polymerization activrty per the catalyst used was 2010 g/g 
catalyst/hr. 

Example 11-2: 

20 

(1 ) Preparation of silane-processed day slun-y B: 

[01451 A silaneiDrocessed clay slurry B was prepared in the same manner as in the step (D E^-^^ 'll'^Sf 2 
So ml erf distillS water was used in place of 500 ml of distilled water to prepare a clay collod. In th«. the rato of 
25 water (ml)/clay (g) was 100. 

(2) Preparatton of catalyst for olefin polymerization: 

[01461 A catalyst for olefin polymerization was prepared in the same manner as in (2) in Example 11-1. except that 
5 ml of the silanei)rocessed day slury B prepared in the previous step (i) was used herein. 

(3) Polymerization of ethylene: 

[01471 Ethylene was polymerized in the same manner as in (3) in Example 11-1 . except that the catalyst for ol^in 
Ddvmerizafo^Sn^een repared in the previous step (2) was used and that the polymenzahon *me «as 20 rnm- 
Sn tfJri>S was 4^.1 g of a polymer. The polymerization activity per the catalyst used was 1380 g/g-cata- 
lyst/hr. 

Example 11-3: 

(1) Preparation of silane-processed clay slurry C: 

[01 481 250 ml Of distilled water was put into a three-neck flask having a capacity of 2 Irters. Witt, stirring ft 2^ g^ 
Na-mintmollonite (Kiinipia F from Kunimine Industry) was gradually added thereto. The rat.o. water (m )/clay (g) was 
VS)^SMhe resulting .^.xture was stirred at room temperature for 2 hours to prepare aqueous day co lo.d. 
m49l To tffe aaueous clay colloid, gradually and dropwise added was 1 ml of phenethylmethyld.chloros-lane. The 
[S^Wngmlre'vSsTrLJu^^ 

tainer for whidi was used a membrane filter having a pore size of 1 ^m with an aer.al pressure of 1 kg/cm^G be.ng 

55 S oMolueneTwhir«as added 25 ml of a toluene solution of triisobutylaluminium (hav,ng a concenb^aton of 0^ 
lS,Sraistirr«lat100=Cfor1hour.Theresultingsl^ 
to be 50 ml in total. Thus was prepared a silane-processed clay slurry C. 
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(2) Preparation of catalyst for olefin polymerization: 

[0153] A catalyst for olefin polymerization was prepared in the same manner as in (2) in Exanple 11-1, except that 
5 ml of the silane-processed clay slurry C prepared in the previous step (1) was used herein. 

5 

(3) Polymerization of ethylene: 

[0154] Ethylene was polymerized in the same manner as in (3) in Example 11-1 , except that the catalyst for olefin 
polymerization having been prepared in the previous step (2) was used and that the polymerization time was 20 min- 
10 utes. In this, obtained was 26.2 g of a polymer. The polymerization activity per the catalyst used was 787 g/g-catalyst/hr. 

Example 11-4: 

(1) Preparation of catalyst for olefin polymerization: 

IS 

[0155] 5 ml of the silane-processed slurry A having been prepared in(1) in Example 11-1 was put into a Schlenk's 
tube having a capacity of 300 ml. to which was added 1 ml of a toluene solution of a transition metal complex, dimeth- 
ylsilylenebis(2-methyl-4,5-benzindenyl)zirconium dichloride having a concentration of 2 jimols/ml at room temperature, 
and stin-ed at the temperature for 30 minutes to prepare a catalyst for polymerization. 

20 

(2) Polymerization of propylene: 

[0156] 400 ml of toluene and 2.0 mmol of triisobutylaluminium were put into a 1.6 liter autoclave, and healed at 
70**C. Then, 6 ml (corresponding to 0.1 g of the solid day) of the catalyst for polymerization that had been prepared in 
25 the previous step (2) was put into the autoclave, and heated at 70*»C. After the mixture was kept at the temperature for 
5 minutes, propylene was continuously fed thereinto to have a pressure of 5 kg/cm^G. and polymerized for 30 minutes. 
Next, methanol was added to this to stop the polymerization. 

[0157] The polymer thus produced was taken out through filtration, and dried at 90**C under reduced pressure for 
12 hours. The polymer thus obtained weighed 75.5 g. The polymerization activity per the catalyst used was 1510 g/g- 
30 catalyst/hr. The activity per the zirconium atom in the transition metal complex used herein was 830 kg/g-Zr/hr. 

Example 11-5: 

(1) Preparation of silane-processed clay slurry D: 

35 

[0158] In the same manner as in (1) in Example 11-1. except that dicyclohexyidichlorosilane was used in place of 
phenethylmethyldichlorosilane for silane treatment, herein prepared was a silane-processed clay slurry D. 

(2) Preparation of catalyst for olefin polymerization: 

40 

[0159] 5 ml of the silane-processed clay slurry D having been prepared in the previous step (2) was put into a Sch- 
lenk s tube having a capacity of 300 ml at room temperature, and stirred for 30 minutes at the temperature. 

(3) Polymerization of propylene: 

45 

[0160] 400 ml of toluene and 2.0 mmols of triisobutylaluminium were put into a 1.6 liter autoclave, and heated at 
70**C. Then, 1 ml of toluene solution of a transition metal complex, dimethyisilylenebis(2-methyl-4.5-benzindenyl)zirco- 
nium dichloride having a concentration of 1 ^mol/ml was added thereto. 5 minutes after the addition, 5 ml (correspond- 
ing to 0.1 9 of the solid clay) of the catalyst for polymerization that had been prepared in the previous step (2) was put 

so into the autoclave. After the mixture was kept at 70°C for 5 minutes, propylene was continuously fed thereinto to have 
a pressure of 5 kg/cm^G. and polymerized for 30 minutes. Next, methanol was added to this to stop the polymerization. 
[0161] The polymer thus produced was taken out through filtration, and dried at 90*C under reduced pressure for 
12 hours. The polymer thus obtained weighed 39.3 g. The polymerization activity per the catalyst used was 786 g/g- 
catalyst/hr. The activity per the zirconium atom in the transition metal complex used herein was 864 l^g-Zr/hr. Example 

55 11-6: 



X:iD: <EP 1026176A1 J_> 



35 



EP 1026 176 A1 



(1) Preparation of catalyst for olefin polymerization: 

[0162] 5 ml of the silane-processed slurry A having been prepared in(1) in Example 11-1 was put into a Schlenk's 
tube having a capacity of 300 ml. to which was added 1 ml of a toluene solution of a transition metal complex, nickel 
complex of the following formula having a concentration of 5 jimols/ml. and stirred at room temperature for 30 minutes 
to prepare a catalyst for polymerization. 



10 



15 



20 



25 



30 



35 





(2) Polymerization of ethylene: 

[01631 A 1 .6 liter autoclave was heated at SOoC. fully »«cuated and dried, then purged with dry nitrogen to be at 
atmoiheric pressure, and cooled to room temperature. In that condition. 400 ml of toluene. 0.5 mmols o^^rnsobuty a- 
luminium and the catalyst for polymerization (corresponding to 0.1 g of the solid clay) having been prepared >n the pre- 
Zs (1 ) were put into £e autoclave in a dry nitrogen atmosphere, and then heated at 40»aAfter the mixture was 
at 40»C for 5 minutes, ethylene was continuously fed thereinto to have a pressure of 8 kg/cm^G. and polymerized for 1 
hour. Next, methanol vras added to this to stop the polymerization. ^ ^ ^ ^ ^ ^ r^ir.. 

[0164] The polymer thus produced was taken out through filtration, and dried at ^"Q. under reduce) pressure for 
1 2 hours. The polyrner thus obtained weighed 15.2 g. The polymerization activity per the catalyst used was 152 g/g- 
catalyst/hr. 



Ckmiparative Example 11-1: 
40 (1 ) Preparation of silane-processed clay slun-y : 

[01651 The same process as in Example 11-1 was repeated, except that 50 ml. but not 500 ml. of distilled water was 

used in preparing aqueous day colloid. In this, the ratio of water (ml)/clay(g) was 20. However. 

wholly gelled, while being prepared, and could not be stin-ed to uniformly mix the siiane compound added thereto. 



45 



SO 



SB 



Comparative Example 11-2: 

(1) Preparation of silaneisrooessed clay slunry: 

101661 20 g of magnesium chloride 6-hydrate and 100 ml of distilled water were put into a three-neck flask havii^ 
a capacity of 300 ml. With stirring them. 20 g of Namontmorillonite (Kunipia F from Kunimine Industry) was gradually 
added thereto. Then, the resulting clay slurry was stin-ed at QO'C for 0 5 hours. After having been thus processed, the 
solid component was washed with water. This operation was repeated once again. Thus was prepared magnesium 

chloride-orocessed montmorillonite. , ^. * « a«*«k 

foi671 Next, this was dried, and dispersed in 160 ml of aqueous 6 % HCI. and stirred under refhix for 2 hours. After 
having been thus processed, the slurry was filtered, and 1 liter of distilled water was added to the resulting residue. 
Thus was prepared HCI-processed montmorillonite slurry. 

[0168] The HCI-processed montmorillonite slunry was filtered in a 1 .5 liter pressure container. The resulting residue 
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was dispersed tn 5 Irtefs cA water, and again filtered In a 7.5 liter pressure filter, for which was used a membrane filter 
having a po#e size d 1 ^m with an aerial pressure of 3 kg/cm^G being applied thereto. Thus was obtained 14 g of a 
chemical -processed clay (after having been dried in vacuum at room temperature for 20 hours). In the final step, the 
filtration took a k>t of time of 36 hours. 
5 [0169] Nexv TO 1 g ot the chemical-processed clay, added were 10 ml of toluene and 1.0 ml of phenethylmethyl- 
dichlorositane. and stirred at room temperature for 72 hours. The resulting silane-processed clay was washed with tol- 
uene, and suspended m 25 ml of toluene, to which was added 25 ml of a toluene solution of triisobutylaluminium having 
a concentration dtOS rrxjls/liter, and stirred at 100**C for 1 hour. The resulting slurry was washed with toluene, and tol- 
uene was added thereto to be 50 ml in total. Thus was prepared a silane-processed clay slurry E. 

10 

(2) Preparation of catalyst for olefin polymerization: 

[0170] A catatffs: to^ olefin polymerization was prepared in the same manner as in (2) In Example 11-1, except that 
the silane pr ocesseo day sluny E prepared in the previous step (1) was used herein. 

IS 

(3) Polymef kCtfbon ot ethylene 

[0171 J Ethy***^ •'as poiymerized in the same manner as in (3) in Example 11-1 » except that the catalyst for olefin 
poiymerizattort havwig t>een prepared in the previous step (2) was used herein. In this, the polymer produced weighed 
20 31 .6 g. The polymerization activity per the catalyst used was 1895 g/g-catalyst/hr. 

Third Aspect cf r»« in^r«ntion 

Example lil-i 

2S 

(1) Preparation of s<Une^ocessed clay A: 

[0172] 500 ni of distilled water was put into a three-neck flask having a capacity of 2 liters. With stirring it. 2.5 g of 
Na-montmorillomte (Kumpia F from Kunimine IrKlustry) was gradually added thereto. Next, the resulting mixture was 

30 stirred at room teapecature for 2 hours to prepare aqueous clay colloid. 

[0173] To the aqueous clay colloid, gradually and dropwise added was 1 ml of a silane compound, diethyfdichlorosi- 
lane. The resuftrng rrttrture was stirred at room temperature for 1 hour, then heated up to 100°C, and further stirred at 
the temperature tor 4 hours. After having been thus stirred, the clay colloid changed to day slurry. 
[0174] Next. 500 ml of distilled water was added to the clay slurry, and then filtered in a pressure container, for 

35 which was used a membrane filter having a pore size of 1 fim with an aerial pressure of 1 kg/cm^G being applied 
thereto. The filtration took 15 minutes. 

[0175] Next, the resultng solid residue was dried under reduced pressure at room temperature for 8 hours. Thus 
was prepared a sjiane-processed clay A. 

[0176] 2 mg of the thus-prepared, powdery, silane-processed clay A and 200 mg of potassium bromide were 
40 ground and mixed m an agate mortar. The resulting powder mixture was shaped Into tablets. The tablet was subjected 
to infrared absorption spectrometry. The pattern (spectrum A) is in Fig. 1. 

[0177] On the other hand, 2 mg of the starting clay, Namontmorillonite and 200 mg of potassium bromide were 
ground, mixed and shaped into tablets in the same manner as previously. The tablet was subjected to infrared absorp- 
tion spectrometry The pattern (spectrum B) is in Fig. 2. 
45 [01 78] The spectrum A and the spectrum B was compared with each other for the difference between the two. From 
this were calculated ttie specific peaks for the diethyldichlorosilane treatment additionally appearing in the pattern A. 
The specific absorpton peaks are at 1 071 cm'^ and 1009 cm ^ The difference spectrum C is in Fig. 3. 

(2) Preparation of catalyst for ol^in polymerization: 

so 

[0179] One g of the silane-processed clay A that had been prepared in the previous step (1) was suspended in 25 
ml of toluene, to vvhich was added 25 ml of a toluene solution of triisobutylaluminium having a concentration of 0.5 
mols/liter. and stirred at lOO^'C for 1 hour. The resulting slurry was washed with toluene, arxd toluene was added thereto 
to be 50 ml in total 

55 [0180] 5 mi of the sluny was put into a Schlenk's tube, to which was added 1 ml of a toluene solution of a transition 
metal compound, dimethylsilylenebis(2-methyl-4,5-benzindenyl)zirconium dichloride having a concentration of 1 
^mot/ml. and stirred at room temperature for 30 minutes to prepare a catalyst for polymerization. 
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(3) Polymerization of propylene: 

[0181] 400 ml of toluene and 2.0 mmols of triisobutylaluminium were put into a 1.6 liter autoclave, and heated at 
70°C. To this was added 6 ml (corresponding to 0.1 g of the solid clay) of the catalyst that had been prepared in the 
5 previous step (2). 

[0182] The contents of the autoclave were again heated at 70**C. and kept at the temperature for 5 minutes, and 
propylene was continuously fed thereinto to have a pressure of 5 kg/cm^G, and polymerized for 30 minutes. Next, meth- 
anol was added to this to stop the polymerization. 

[0183] Polypropylene thus produced was taken out through filtration, and dried at 90°C under reduced pressure for 
10 12 hours. Its yield was 29.4 g. The polymerization activity per the catalyst used was 588 g/g-catalyst/hr. The activity per 
the zirconium metal in the catalyst was 650 kg/g-Zr/hr. Example III-2: 

(1 ) Preparation of silane-processed clay B: 

15 [0184] A silane-processed clay B was prepared in the same manner as in (1) in Example III-1 , except that a silane 
compound of triethylchlorosilane, but not diethyldichlorosilane, was used herein. 

[0185] The silane-processed clay B was subjected to infrared absorption spectrometry in the same manner as pre- 
viously This gave specific absorption peaks at 1078 cm"\ 1065 cm""" and 1003 cm The difference spectrum D is in 
Fig. 4. 

20 

(2) Prepairation of catalyst for olefin polymerization: 

[0186] A catalyst for olefin polymerization was prepared in the same manner as in (2) in Example III-1 , except that 
the silane-processed day B as above, but not the silane-processed day A, was used herein. 

25 

(3) Polymerization of propylene: 

[0187] Propylene was polymerized in the same manner as in (3) in Example III-1 , except that the catalyst for olefin 
polymerization having been prepared in the previous step (2) was used herein. The yield of the polymer obtained herein 
30 was 20.8 g. The polymerization activity per the catalyst used was 417 g/g-catalyst/hr. The activity per the zirconium 
metal in the catalyst was 458 kg/g-Zr/hr. 

Example 111-3: 

35 (1) Preparation of silane-processed clay C: 

[0188] A silane-processed clay C was prepared in the same manner as in (1) in Example III-1 . except that a silane 
compound of trimethylchlorosilane, but not diethyldichlorosilane, was used herein. 

[0189] The silane-processed clay C was subjected to infrared absorption spectrometry in the same manner as pre- 
40 viously This gave specific absorption peaks at 1086 cm'\ 1072 cm \ 1005 cm"^ and 997 cm \ The difference spec- 
trum E is in Fig. 5. 

(2) Preparation of catalyst for olefin polymerization: 

45 [0190] A catalystfor olefin polymerization was prepared in the same manner as in (2) in Example III-1 , except that 
the silane-processed clay C as above, but not the silaneiarocessed clay A. was used herein. 

(3) Polymerization of propylene: 

so [0191] Propylene was polymerized in the same manner as in (3) in Example 111-1 . except that the catalyst for olefin 
polymerization having been prepared in the previous step (2) was used herein. The yield off the polymer obtained herein 
was 31 .8 g. The polymerization activity per the catalyst used was 636 g/g-catalyst/hr. The activity per the zirconium 
metal in the catalyst was 700 kg/g-Zr/hr. 
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Comparative Example 

(1) Preparation of silane-processed clay C: 

s [0192] A silane-processed day D was prepared in the same manner as in (1) in Example III-1 . except that a silane 
compound of tetra-n-butylsilane. but not diethyldichlorosilane. was used herein. 

[0193] The silane-processed clay D was subjected to infrared absorption spectrometry in the same manner as pre- 
viously. As processed with tetra-n-butyisilane. this gave no specific absorption peak in a range falling between 1090 and 
1050 cm 

10 

(2) Preparation of catalyst for olefin polymerization: 

[0194] A catalyst for olefin polymerization was prepared in the same manner as in (2) in Example lll-l , except that 
the silane-processed clay D as above, txjt not the silane-processed clay A, was used herein. 

75 

(3) Polymerization of propylene: 

[0195] Propylene was polymerized in the same manner as in (3) in Example III-1 , except that the catalyst for olefin 
p«:^iymerization having been prepared in the previous step (2) was used herein. The yield of the polymer obtained herein 
20 was 0.6 g. The polymerization activity per the catalyst used was 1 2 g/g-catalyst/hr. The activity per the zirconium metal 
in the catalyst was 13 kg/g-Zr/hr. 

[0196] As described in detail hereinabove, the catalysts for olefin polymerization of the invention are prepared 
within a short period of time. They have high polymerization activity, and do not require a large amount of an organic 
aluminium compound. With them, therefore, high-quality polyolefins are produced efficiently, and the residual metal 
25 content of the polymers is much reduced. 

Claims 

1. ' A catalyst for olefin polymer production, which is obtained by contacting a product as prepared by contacting (A) 
30 clay, a clay mineral or an ion-exchanging layered compourKi, (B) an organic silane compound and (C) water with 

each other, with (D) a transition metal complex containing a transition metal of Groups 4 to 6 or Groups 8 to 1 0 of 
the Periodic Table. 

2. A catalyst for olefin polymer production, which is obtained by contacting a product as prepared by contacting (A) 
35 clay, a clay mineral or an ion-exchanging layered compound. (B) an organic silane compound and (C) water with 

each other, with (D) a transition metal conplex containing a transition metal of Groups 4 to 6 or Groups 8 to 10 of 
the Periodic Table and (E) an alkylating agent. 

3. The catalyst for olefin polymer production as claimed in claim 1 or 2. wherein the component (A), clay, a clay min- 
40 eral or an ion-exchanging layered compound is selected from phyllosilicic acid compounds. 

4. The catalyst for olefin polymer production as claimed in any one of claims 1 to 3. wherein the component (B). an 
organic silane compound has at least one alkyi group directly bonded to the silicon atom of the compound. 

45 5. The catalyst for olefin polymer production as claimed in any one of claims 1 to 4, wherein the amount of the com- 
ponent (C), water is at least 1 % by weight relative to the dry weight of the component (A). 

6. The catalyst for olefin polymer production as claimed in any one of claims 1 to 5, wherein the component (D), a tran- 
sition metal conrplex containing a transition metal of Groi^js 4 to 6 or Groups 8 to 10 of the Periodic Table has a 

so ligand having a cartoon-carbon unsaturated bonding group or a carbon-nitrogen unsaturated bonding group. 

7. The catalyst for olefin polymer production of any one of above 1 to 6, wherein the component (D), a transition metal 
complex containing a transition metal of Groups 4 to 6 or Groups 8 to 1 0 of the Periodic Table is represented by any 
of the following general formulae (1-1) to (1-4): 

55 

Q\ (CsHs-a-bRV) (CsHs-a^R^) M^X^Y^ (1-1) 
Q^a (CsHg-a-dR^d) Z^M^X^Y^ (1-2) 

39 
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where Q' repi events a bonding group that crosslinks the two conjugated five-membered cyclic ligands {C5H5.a. 
bRV) and(OHs.cR^). 

O^repf esents a bonding group that aossiinks the conjugated five-membered cyclic ligand {C5H5.a^R^ci) and 
the group Z\ 

R\ R\ and R"* each represent a hydrocarbon group, a halogen atom, an alkoxy group, a silicon-containing 
hyarocarbon group, a phosphorus-containing hydrocarbon group, a nitrogen-containing hydrocaibon group, or 
a boccn-containing hydrocarbon group; and a plurality of these groups, if any. may be the same or different, and 
may be tonded to each other to form a cyclic structure; 
a rep»eser!t^» 0. 1 Of 2; 

b. c arxJ d tMch repf ©sent an Integer of from 0 to 5 when a = 0. or an integer of from 0 to 4 when a = 1 . or an 
integer of liom 0 to 3 Mien a = 2; 
e represents an integer of from 0 to 5; 

represents a transition metal of Groips 4 to 6 of the Periodic Table; 

repf oserrts a transition metal of Groups 8 to 10 of the Periodic Table; 

and L*^ oac^^ represent a coordination-bonding ligand; 
X\ Y\ 2^ arxJ each represent a covalent-bonding or ionic-bonding ligand; and 
L\ L^.X\ and may be bonded to each other to form a cyclic structure. 

8. The catalyst lor d^m polymer production as claimed in any one of claims 1 to 7. wherein the component (E). an 
alkylating ag«nt & an organic aluminium compound. 

9. A method lor produang a catalyst for olefin polymer production, which comprises contacting (A) clay, a clay mineral 
or an ion-exchanging layered compound. (B) an organic silane compound and (C) at least 1 % by weight, relative 
to the dry wegN of the con^nent (A), of water with each other, followed by further contacting the resulting product 
with (D) a transition metal complex containing a transition metal of Groups 4 to 6 or Groups 8 to 10 of the Perkxlic 
Table. 

1 0 A method tor produang a catalyst for olefin polymer production, which comprises contacting (A) clay, a clay mineral 
' or an ion-exchan^ng layered compound. (B) an organic silane compound and (C) at least 1 % by weight, relative 

to the dry weight oJ the component (A), of water with each other, followed by further contacting the resulting product 
with (D) a transiton metal complex containing a transition metal of Groups 4 to 6 or Groups 8 to 10 of the Periodic 
Table and (E) an alkylating agent. 

1 1 The method for produang a catalyst for olefin polymerization as claimed in claim 9. wherein the step of contacting 
" (A) clay a clay mineral or an ion-exchanging layered compound. (B) an organic silane compound and (C) at least 

1 % by weight relative to the dry weight of the component (A), of water with each other, followed by further contact- 
ing the resulting product with (D) a transition metal complex containing a transition metal of Groups 4 to 6 or Groups 
8 to 10 of the Periodic Tattle is effected in an anhydrous aprotic solvent. 

12. The method for produang a catalyst for olefin polymerization as claimed in claim 10. wherein the step of contacting 
(A) clay a clay mineral or an ion-exchanging layered compound, (B) an organic silane compound and (C) at least 
1 % by weight relative to the dry weight of the component (A), of water with each other, followed by further contact- 
ing the resulting product with (D) a transition metal complex containing a transition metal of Groups 4 to 6 or Groups 
8 to 10 of the Periodic Table and (E) an alkylating agent is effected in an anhydrous aprotic solvent. 

13. A method for producing olefin polymers, for which is used the catalyst for olefin polymer production of any one of 
claims 1 to 8. 

14 A method of producing a catalyst for olefin polymerization from a transition metal compound and a silane com- 
pound-processed clay, which comprises contacting a transition metal compound with a silane compound-proc- 
essed clay as prepared by contacting a clay dispersfon of water-swellable clay in water with a silane compound. 

15. The method of producing a catalyst for olefin polymerization as claimed in claim 14. wherein the water-swellaWe 
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clay is a phyllosiiicate. 

16. The method of producing a catalyst for olefin polymerization as claimed in claim 14. wherein the water-swellabie 

clay is of the smectite family or the mica family. 

5 

17. The method of producing a catalyst for olefin polymerization as claimed in claim 14. wherein the water-swetlable 
clay is an alkali metal or alkaline earth metal salt of montmorillonite. 

18. The method of producing a catalyst for olefin polymerization as claimed in any one of claims 14 to 17, wherein a 
10 clay dispersion as prepared by dispersing water-swellable day in water of at least 40 times by weight the clay is 

contacted with a silane compound. 

19. The method of producing a catalyst for olefin polymerization as claimed in any one of claims 14 to 18. wherein the 
silane compound is represented by a general formula (11-1): 

15 

(R)n-Si-X(4.n) (11-1) 

where R represents a substituent of which the atom in the site directly bonding to the silicon atom is a carbon, sili- 
cof I or hydrogen atom; X represents a substituent of which the atom in the site directly bonding to the silicon atom 
CO is a hak>gen. oxygen or nitrogen atom; plural R's and X's. if any, may be the same or different ones, respectively; 
and n represents 0 or an integer of from 1 to 4. 

20. The method of producing a catalyst for olefin polymerization as claimed in any one of claims 14 to 18. wherein the 
silane conpound is represented by a general formula (li-2): 

25 

{R)„-Si-X(4.„,) (11-2) 

where R represents a substituent of which the atom in the site directly bonding to the silicon atom is a carbon, sili- 
con or hydrogen atom; X represents a substituent of which the atom in the site directly bonding to the silicon atom 
30 is a halogen, oxygen or nitrogen atom; plural R's and X's. if any. may be the same or different ones, respectively; 
and m represents an integer of from 1 to 3. 

21. The method of producing a catalyst for olefin polymerization as claimed in any one of claims 14 to 20, wherein the 
transition metal compound is a complex of a transition metal of Groups 4 to 6 of the Periodic Table having a conju- 

35 gated five-membered ring as the ligand, or a complex of a transition metal of Groups 8 to 10 of the Periodic Table 
having an organic ligand as bonded to the transition metal via a nitrogen or phosphorus atom therebetween. 

22. The method of producing a catalyst for olefin polymerization as claimed in any one of claims 14 to 21 , wherein the 
components are further contacted with an organic metal conrpound with a metal of Groups 1. 2. 13 and 14 of the 

40 Periodic Tat>le. 

23. A catalyst for olefin polymerization, which Is produced according to the method of any one of claims 14 to 22. 

24. A method for producing olefin polymers, wherein olefins are polymerized in the presence of the catalyst for olefin 
45 polymerization of claim 23. 

25. A catalyst for olefin polymerization, which comprises a transition metal compound and a silane compound-proc- 
essed clay that gives absorption peaks in a range falling between 1090 and 1050 cm'*' and/or in a range falling 
between 1015 and 995 cm'^ in infrared absorption spectrometry. 

50 

26. The catalyst for olefin polymerization as claimed in claim 25. wherein the silane compound-processed clay is pre- 
pared by processing a phyllosiiicate with a silane compound. 

27. The catalyst for olefin polymerization as claimed in claim 25 or 26. wherein the silane compound-processed clay is 
55 prepared by processing a mineral of the smectite family or a compound having a smectite structure with a silane 

compourxf. 

28. The catalyst for olefin polymerization as claimed in any one of claims 25 to 27, wherein the silane compound-proc- 
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essed day is prepared by processing montmorillonite with a silane compound. 

29. The catalyst for olefin polymerization as claimed in any one of claims 25 to 28. wherein the transition metal com> 
pound is a complex of a transition metal of Groups 4 to 6 of the Periodic Table having a conjugated f ive-membered 
ring as the ligand. or a complex of a transition metal of Groups 8 to 1 0 of the Periodic Table having an organic ligand 
as bonded to the transition metal via a nitrogen or phosphorus atom therebetween. 

30. The catalyst for olefin polymerization as claimed in any one of claims 25 to 29. which further contains an organic 
metal corrpound with a metal of Groups 1 , 2. 13 and 14 of the Periodic Table. 

31 A method for producing a catalyst for olefin polymerization, which comprises contacting a silane compound-proc- 
" essed clay with a transition metal compound and in which said silane compound-processed clay is prepared by 
contacting a silane conpound of a general formula (lll-l): 

(R)n-Si-X(4-n) 

Where R represents a substituent of which the atom in the site directly bonding to the silicon atom is a carbon, 
silicon or hydrogen atom; X represents a substituent of which the atom in the site directly bonding to the silicon 
atom is a halogen, oxygen or nitrogen atom; plural R's and X's. if any. may be the same or different ones. 
20 respectively; and n represents an integer of 2 or 3, 

with clay, and gives absorption peaks in a range between falling 1090 and 1050 cm"^ and/or in a range falling 
between 1015 and 995 cm""' in infrared absorption spectrometry. 

25 32. A method for producing olefin polymers, wherein olefins are polymerized in the presence of the catalyst for olefin 
polymerization of any one of claims 25 to 30. 

33. A method for producing olefin polymers, wherein olefins are polymerized in the presence of the catalyst for olefin 
polymerization as obtained according to the method of daim 31 . 
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